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BOTTOM  BACKSCATTERING  STRENGTHS  MEASURED 
IN  SHALLOW  AND  DEEP  WATER 


1.  INTRODUCTION 

For  a  low-frequency  (LF;  <  1  kHz)  or  mid-frequency  (MF;  1  to  10  kHz)  active  sonar, 
echoes  from  the  seafloor,  coupled  with  propagation  conditions,  can  severely  limit  the 
detectability  of  returns  from  features  of  interest.  Acoustic  scattering  from  the  seabed  can 
be  a  complex  mix  of  surface  roughness  and  volume  heterogeneity  contributions,  so  that 
reverberation  levels  can  vary  dramatically  with  frequency  and  grazing  angle,  and  with  the 
local  geology.  Hence,  making  accurate  predictions  of  bottom  reverberation  and  active 
sonar  performance  will  in  turn  depend  on  accurately  characterizing  the  acoustic  seafloor 
interactions,  in  particular  providing  measures/models  of  bottom  loss  (BL)  and  bottom 
scattering  strength  (BSS)  as  functions  of  frequency,  grazing  angle,  and  bottom  properties. 
This  report  presents  measured  LF  and  MF  bottom  backscattering  strengths  that  can  be  of 
use  in  developing/validating  empirical  or  physics-based  BSS  models. 

The  Naval  Research  Laboratory  (NRL)  performed  LF  and  MF  direct-path  bottom 
backscattering  strength  (BBS)  measurements  at  105  sites  in  6  experiments  in  5  distinct 
environments  from  1993  to  2005: 

•  Shallow  Water 

o  New  Jersey  Shelf,  May  2001  (8  sites) 

■  Boundary  Characterization  2001  (B2001);  2.5-5  kHz 
o  Malta  Plateau, 

■  April  2002  (8  sites) 

>  Boundary  Characterization  2002  (B2002);  2-4  kHz 

■  May  2004  (29  sites) 

>  Boundary  Characterization  2004  (B2004);  1 .5-4  kHz 
o  Stanton  Banks,  July  2002  (16  sites) 

■  The  Technical  Cooperation  Program  (TTCP)  Multistatic  Active 
Sonar  Technology  2002  (T-MAST  02);  1.5-3. 5  kHz 

o  Heceta  Bank,  July  2005  (25  sites:  22  shallow,  1  intermediate,  and  2  deep) 

■  Ocean  Reverberation  Experiment  2005  (OREX-05);  0.6-5  kHz 


•  Deep  Water 

o  Scotian  Continental  Rise,  August  1993  (19  sites) 

■  Low-Frequency  Active  11  (LFA  11);  190-310  Hz 

This  report  summarizes  (in  the  order  above)  the  bottom  backscattering  strengths  derived 
from  direct-path,  near-monostatic,  LF  and  MF  measurements  in  these  experiments,  as  well 
as  empirical  power  law  fits  to  the  MF  results  (and  the  relationships  between  the  T-MAST- 
02  BBS  results  and  local  bottom  parameters).  Selected  other  NRL  BBS  measurements  are 
briefly  discussed  in  Sect.  9,  and  referenced  in  Sect.  10,  of  this  report. 


Manuscript  approved  December  16,  2016. 
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2.  DATA  PROCESSING 


This  section  provides  a  high-level  overview  of  the  standard  data  processing  used  to  derive 
the  undersea  acoustic  BBS  values.  Details  particular  to  a  given  experiment  are  discussed 
in  their  respective  sections. 

The  sonar  geometries  were  either  quasi-monostatic  (LFA-11)  in  towing  mode,  or  near¬ 
monostatic  (the  shallow-water  measurements)  in  drifting/moored  mode.  The  bottom 
reverberation  from  transmitted  gated  continuous  wave  (CW)  and  frequency  modulated 
(FM)  signals  was  received  on  either  on  a  towed  horizontal  line  array  (HLA)  or  a 
drifting/moored  vertical  line  array  (VLA).  The  MF  VLA  was  used  in  all  shallow-water 
experiments  consisted  of  16  elements  spaced  at  0.1524  m  (6  in);  the  LF  VLA  (used  in 
OREX-05)  consisted  of  16  elements  spaced  at  0.76  m  (30  in).  The  VLA  was  recently 
recalibrated  (2011)  so  that  some  of  the  previous  reported  VLA  BBS  measurement  values 
need  adjustment,  such  as  the  T-MAST  02  BBS  results  of  Kunz  and  Gauss  (2005)  and  Gauss 
et  al.  (2008) — see  Sect.  5  for  the  revised  T-MAST  02  BBS  results.  Spatially-Hanned 
receiver  beams  with  cosine-spaced  main  response  axes  were  formed,  with  the  most  useful 
returns  coming  from  the  aft-looking  beams  for  the  HLA,  and  from  the  downward-looking 
beams  closest  to  broadside  for  the  VLA.  A  representative  example  of  the  shallow-water 
sonar  geometry  and  reverberation  beam-time  series  are  shown  in  Fig.  2-1. 


Fig.  2-1  -  Typical  shallow-water  sonar  geometry  (left)  and  beam  reverberation  (right). 


After  beamforming,  reverberation  time-series  curves  were  obtained  for  individual  pings 
using  either  spectral  processing  for  the  CWs  or  match  filtering  for  the  FM  sweeps.  For  the 
CW  ping  data,  a  uniform  window  matched  to  the  signal  duration  was  slid  over  the  length 
of  each  beam  time  series  with  either  50%  or  90%  overlap.  The  resulting  time-series 
segments  were  then  Fourier  transformed  to  obtain  power  spectra,  with  reverberation  level 
computed  by  integrating  the  total  received  signal  power  over  a  narrow  frequency  band 
centered  on  the  frequency  of  the  transmitted  signal.  For  the  FM  data,  the  beam  time-series 
data  were  matched  filtered  against  the  transmitted  signal  replica.  The  envelope  of  the 
correlator  output  was  computed.  In  each  case,  data  calibrations  were  applied  to  produce  an 
estimate  of  the  received  reverberation  level  in  pPa. 
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For  each  set  of  CW  and  FM  data,  the  individual  ping  responses  were  temporally  aligned 
with  respect  to  signal  transmit  time,  and  then  linearly  averaged  to  produce  a  single 
reverberation  curve  for  each  beam. 

A  raytrace  program  was  then  used  to  calculate  the  geometric  effects  unique  to  each 
measurement  (using  the  in- situ  sound-speed  profile):  1)  transmission-loss  terms  to  and 
from  the  scattering  patch  were  obtained  by  separately  calculating  the  geometric  spreading 
loss  along  each  ray  path;  and  2)  scattering-patch  areas  were  obtained  using  computed  beam 
patterns  and  raytraces.  The  plane-wave  calculation  assumes  the  source  of  the  seabed 
scattering  is  the  water-sediment  interface;  hence,  all  the  measured  BBS  values  shown  in 
this  report  represent  effective-surface  scattering  strengths. 

Finally,  the  average  reverberation  curves  were  combined  with  these  geometric  parameters 
and  source  level  to  solve  the  sonar  equation  for  backscattering  strength  as  a  function  of 
frequency,  beam,  and  grazing  angles: 

BBS  =  RL  -  SL  +  TLS  +  TLr-  10  log  A 

where  BBS  is  the  bottom  backscattering  strength  in  dB,  RL  is  the  measured  reverberation 
level  in  dB  re  (lpPa)2  at  1  m,  SL  is  the  source  level  in  dB  re  (IpPa)2  at  1  m,  TLS  is  the 
transmission  loss  from  the  source  to  the  ensonified  patch  on  the  bottom  in  dB,  TLr  is  the 
transmission  loss  from  the  ensonified  patch  on  the  bottom  to  the  receiver  in  dB,  and  A  is 
the  area  of  the  ensonified  patch  in  m2.  The  standard  deviations  due  to  ping-to-ping 
variability  within  the  sets  of  identical  transmissions  were  typically  ±  2  to  3  dB. 

Empirical  Power  Law  (EPL)  Fits. 

EPL  fits  to  the  measured  shallow-water  BBS-vs.-grazing-angle  curves  were  additionally 
made  to  ascertain  the  suitability  of  commonly-used  frequency-independent  EPL  curves 
used  in  reverberation  modeling  (e.g.,  Harrison  (2003)),  namely  (for  incident  and  scattered 
grazing  angles): 

•  Mackenzie  curve:  -27  +  10  log10  (sin  6j  sin  6s ) 

•  Lambert’s  law  (rule):  101og10  (//sin#(.  sin#s) 

•  Lommel-Seeliger:  101og10(//[ sin#;. sint?  /{sint?.  +sint?}) 

For  our  near-monostatic  backscattering  measurement  geometries,  the  mean  grazing  angle 
6  =  0.5 -(61  +  #s)  =  6i  was  used,  so,  e.g.,  Lambert’s  law  becomes  101og10(//sin2  #) ,  and 

the  Lommel-Seeliger  law  becomes  101og10  (0.5/^  sin#) . 

In  this  report,  the  EPL  model  was  of  the  form  101og10  (//sin“  #) .  For  the  individual  site 

curves,  the  EPL  fits  were  ‘eyeball’  fits  to  the  set  of  curves  using  integer  powers,  whereas 
in  the  1 01ogio(//)-vs.-a  plots  least-square  EPL  fits  were  used. 
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3.  B2001  (SHALLOW  WATER  -  NEW  JERSEY  SHELF) 


NRL  performed  MF  direct-path  BBS  measurements  at  8  sites  (Figs.  3-1  and  3-2)  in  May 
2001  on  the  New  Jersey  Shelf  during  the  Boundary  2001  experiment.  (See  Holland  et  al. 
(2005)  for  an  overview  of  the  B2001  experiment.)  This  section  presents  the  BBS 
measurements  from  these  sites. 


BOUNDARY  2001  Scattering  Sites 
(NJ  Shelf) 


Endeavor 

Water  Sound 

Date  (JD) 
Time  (Z) 

Day 

Latitude 

Longitude 

Fish 

Wind 

Water 

Speed  at  the 

Site 

or 

(deg  N) 

(deg  W) 

From 

Speed 

Depth 

Interface 

Night 

Simrad 

(m/s) 

(m) 

(m/s) 

1 

132  0835-0920 

N 

39.261 

39°  15.64' 

39°  15.70' 

72.906 

72°  54.63' 

72°  54.08' 

Lesser 

# 

70-75  m 

6.2 

76 

1494 

SR 

39.220 

73.006 

Lesser 

5.7 

2 

132  1039-1113 

39°  13.18' 

39°  13.28' 

73°  00.42' 

73°  00.27' 

# 

70-75  m 

76 

1494 

3 

132  1346-1444 

D 

39.251 

39°  15.06' 

72.720 

72°  43.07' 

No 

Info 

5.2 

120 

1494 

39°  15.05' 

72°  43.31' 

4 

133  0319-0354 

N 

39.116 

39°  07.06' 

73.066 

73°  04.14' 

No 

Info 

5.7 

75 

1473 

39°  06.83' 

73°  03.81' 

5 

133  0556-0633 

N 

39.047 

39°  03.15' 

73.114 

73°  07.01' 

No 

Fish 

6.7 

71 

1473 

39°  02.53' 

73°  06.70' 

6 

133  1430-1626 

D 

39.071 

39°  04.29' 

73.075 

73°  04.49' 

Occas. 

Fish 

6.7 

84 

1474 

N 

39.060 

72.973 

Moder 

# 

75-83  m 

6.2 

7 

134  0819-0854 

39°  04.04' 

39°  03.13' 

72°  58.36' 

72°  58.46' 

85 

1492 

3 

134  1614-1623 

D 

39.406 

39°  24.34' 

72.565 

72°  33.91' 

Occas. 

Fish 

5.7 

110 

1497 

Fig.  3-1  -  B2001  BBS  measurement  and  site  information  (NJ  Shelf). 
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NJ  Shelf 


39.5 


Z  39.4 

U) 

0) 

2,39.3 


B2001 
BBS  Sites 


39 

73.2  73 


72.8  72.6 


LONGITUDE  (deg  W) 


200  100  0 
DEPTH  (m) 


Fig.  3-2  -  B2001  geographic  locations  of  BBS  sites  vs.  bathymetry. 


A.  Test  Operations 

Direct-path,  near-monostatic  acoustic  BBS  measurements  were  conducted  from  the  R/V 
Endeavor  using  a  16-element  VLA  receiver  cut  for  5000  Hz  and  a  single  source. 
Measurements  were  made  using  combinations  of  10-ms  gated  CW  signals  at  1.5,  2,  2.5,  3, 
3.5,  4,  4.5,  and  5  kHz,  and  100-ms  LFMs.  (The  1.5-  and  2-kHz  CW,  and  the  LFM  results 
are  not  shown  here.)  Each  CW  signal  was  repeated  18  times  with  a  rep  rate  of  5  s.  The 
source  was  a  transducer  (G81;  191.5  dB  peak)  that  was  useable  over  2.5  to  5  kHz  situated 
4  m  above  the  center  of  the  VLA.  The  sonar  equation  was  used  at  each  depth  to  derive 
scattering  strengths  as  a  function  of  site,  frequency,  and  grazing  angle. 
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B.  Measured  Bottom  Backscattering  Strengths 


Figures  3.B-1-3.B-3  show  frequency-dependent  bottom  backscattering  strengths  measured 
at  the  8  B2001  shallow- water  sites  vs.  mean  grazing  angle.  Figure  3.B-4  shows  the  best 
EPL-curve  fit  values  to  the  B2001  BBS  vs.  grazing  angle  curves. 


B2001  -  2500  Hz 


B2001  -  3000  Hz 


GRAZING  ANGLE  (deg) 


B2001  -  3500  Hz 


Fig.  3.B-1  -  B2001  BBS  vs.  grazing  angle  at  3  frequencies  for  all  sites  (color-coded  just  to  help 
visually  separate  the  8  sites).  (Mackenzie  curve  (dashed)  shown  as  a  reference.) 
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BACK  SC  AT  TE  RING  STRENGTH  (dB)  BACKSCATTERING  STRENGTH  (dB) 


B2001  -  Site  1 


B20G1  -  Site  2 


-20 


-25 


-  2500  Hi 

-  3000  Hz 

-  3500  Hz 

4000  Hi 

-  4500  Hi 

5000  Hz 


•24  +  10Dgla(tlnfr} 


-45 

0  10  20  30  40  50  60 

GRAZING  ANGLE  (deg) 


70 


GRAZING  ANGLE  (deg) 


B2001  -  Site  3 


GRAZING  ANGLE  (deg) 


B2QQ1  -  Site  4 


GRAZING  ANGLE  (deg) 


Fig.  3.B-2  -  B2001  BBS  vs.  grazing  angle  at  6  frequencies  for  Sites  1,  2,  3,  and  4. 
(EPL  curves  matched  to  the  data  trend  (dashed)  are  also  shown.) 
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B2001  -  Site  5 


B2001  -  Site  6 
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Fig.  3.B-3  -  B2001  BBS  vs.  grazing  angle  at  multiple  frequencies  for  Sites  5,  6,  7,  and  8. 
(EPL  curves  matched  to  the  data  trend  (dashed)  are  also  shown.) 
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Best  /i,  a  fits  to  10log10(/isin<vtf) 
-5 

-10 


■o 

3  -20 

"o 

cn"  -25 
O 
o 

-30 


-35 


40 

0  12  3  4 

a 

Fig.  3.B-4  -  Distribution  of  best  EPL-curve  fit  values  to  the  B2001  BBS  vs.  grazing  angle  curves 
at  3  frequencies.  (Mackenzie  curve  values  (gray  dot)  shown  as  a  reference.) 


C.  Comparison  to  Other  Data 

Fig.  3.C-1  shows  BBS  vs.  grazing  angle  measured  by  3  different  resolution  systems  in  the 
vicinity  of  NRL  Site  1  (within  2  km  of  one  another).  See  Holland  et  al.  (2005)  for  details. 


B2001  BBS 


AA 


A 


A  A 


£  2.5  kHz 
6  3.0  kHz 
£  3.5  kHz 


GRAZING  ANGLE  (deg) 


Fig.  3.C-1  -  Comparison  of  NRL  B2001  Site  1  BBS  at  3.5  kHz  with  near-by  measurements  by 
ARL-PSU  at  3.6  kHz,  and  DRDC-A  at  4  kHz  (Holland  et  al .,  2005),  along  with  an  EPL  fit  to  all 
the  data  (dashed).  (This  updates  that  paper’s  Fig.  17  via  NRL’s  subsequent  receiver  recalibration.) 
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4.  B2002  AND  B2004  (SHALLOW  WATER  -  MALTA  PLATEAU) 


NRL  performed  MF  direct-path  BBS  measurements  at  8  sites  (Figs.  4-1  and  4-3)  in  April 
2002  on  the  Malta  Plateau  (south  of  Sicily)  during  the  Boundary  2002  experiment,  and  at 
29  sites  (Figs.  4-2  and  4-3)  in  May  2004  on  the  Malta  Plateau  during  the  Boundary  2004 
experiment.  (See  Holland  et  al.,  (2005)  for  an  overview  of  the  B2002  and  B2004 
experiments.)  This  section  presents  the  37  BBS  measurements  from  these  shallow-water 
sites. 


BOUNDARY  2002  BBS  Sites 
(Malta  Plateau) 


Source  / 

Alliance 

Water 

Water  Sound 

Site 

Receiver 

Date  (JD) 

Latitude 

Longitude 

Wind 

Depth 

Speed  at  the 

Depths (m) 

Time  (Z) 

(deg  N) 

(deg  E) 

Speed 

(m) 

Interface 

fm/*) 

fm/s) 

55/58 

2 

20  j  23 
40/43 

107  0641-0710 

1071622-1642 

36.353 

36°  21.18' 

14.768 

14°  46.08' 

7.4 

11.7 

136 

1513 

3 

50/53 

25/28 

110  0923-0952 

36.485 

36°  29.1' 

14.885 

14°  53.1' 

3.7 

94 

1512 

4 

25/28 

50/53 

112  0909-0922 

36.439 

36°  26.34' 

14.929 

14°  55.74' 

2.2 

90 

1512 

5 

25/28 

50/53 

112  1004-1017 

36.395 

36°  23.7' 

14.923 

14°  55.38' 

2.5 

96 

1512 

6 

25/28 

50/53 

112  1318-1331 

36.353 

36°  21.18' 

14.918 

14°  55.08' 

5.1 

96 

1513 

7 

25/28 

50/53 

112  1413-1423 

36.338 

36°  20.28' 

14.920 

14°  55.2' 

4.4 

95 

1513 

& 

20/23 

40/43 

112  1614-1623 

36.640 

36°  38.4' 

14.638 

14°  38.28' 

1.0 

80 

1512 

9 

20/23 

40/43 

112  1703-1712 

36.628 

36°  37.68' 

14.627 

14°  37.62' 

5.1 

82 

1512 

Fig.  4-1  -  B2002  BBS  measurement  and  site  information  (Malta  Plateau). 
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Site 

1 

1 

5 

S 

6 

7 

a 

9 

10 

ii 

u 

IS 

14 

IS 

16 

17 

IB 

19 

20 

21 

22 

25 

24 

2S 

26 

27 

28 

29 

30 


B2004  Bottom  Scattering  Sites 


•Source  / 

Wind 

Water  Sound  Speed 

Receiver 

Date  (JD) 

Latitude 

Longitude 

Speed 

Water 

at  the  Interface 

Depths  (m) 

Time(Z) 

[degNJ 

(degE) 

(kH) 

Depth  (m) 

(m/s) 

46.5/50 

137  1306-1310 

36.535 

14.820 

10 

100 

1502 

36=32.08' 

14=49.21' 

46.5/50 

137  140B- 141 2 

36.481 

36=  28.86' 

14.800 

14*47.98' 

9 

115 

1502 

56.5/60 

137  1505-1509 

36.442 

36=  26.53' 

14.782 

14=  46.93' 

8 

125 

1503 

56.5/60 

137  1636-1640 

36.389 

36*23.33' 

14.758 

14*45.47' 

5 

130 

1503 

56.5/60 

137  1718-1722 

36.360 

36=  21.62' 

14.744 

14-  44.65' 

5 

134 

1502 

56.5/60 

137  1859-1903 

36.325 

36=  19.55' 

14.729 

14*43.76' 

5 

134 

1502 

56.5/60 

137  1937-1941 

36.291 

36*17.46' 

14.708 

14=  42.46' 

6 

134 

1502 

56.5/60 

137  2012-2016 

36.289 

36= 17.34' 

14.710 

14=  42.60' 

5 

133 

1503 

46.5/50 

138  0700-0704 

36.276 

36-  16.55' 

14.877 

14=52.60' 

1 

103 

1503 

46.5/50 

13BOB34-OB3  8 

36.296 

36*17.74' 

14.885 

14=53.10 

8 

110 

1503 

46.5/50 

1381015-1019 

36.314 

36=  18.85' 

14.886 

14=53.18' 

15 

118 

1503 

46.5/50 

138  1225-1229 

36.314 

36=  18.86' 

14.924 

14=55.41' 

10 

110 

1503 

56.5/60 

1381310-1314 

36.335 

36*20.12' 

14.884 

14*53.04' 

13 

120 

1503 

46.5/50 

1381428-1432 

36.336 

36=  20.16' 

14.897 

14=53.82' 

6 

103 

1503 

46.5  /  50 

138  1501-1505 

36.355 

36=  21.30' 

14.903 

14=  54.18' 

10 

111 

1503 

46.5  /SO 

1381649-1653 

36.415 

36*24.90' 

14.942 

14=56.52' 

5 

106 

1502 

36.5/40 

138  1734-1738 

36.371 

36=  22.26' 

14.918 

14=  55.08' 

6 

83 

1502 

46.5/50 

1381818-1822 

36.374 

36=  22.44' 

14.907 

14=  54.42' 

7 

105 

1502 

46.5/50 

1381849-1853 

36.393 

36*23.58' 

14.914 

14=  54.84' 

10 

108 

1502 

56.5/60 

139  0932-0936 

36.264 

36=  15.84' 

14.802 

14=48.12' 

5 

129 

1503 

51.5/55 

1391244-1248 

36.278 

36=  16.68' 

14.876 

14=  52.56' 

3 

103 

1502 

66.5  /70 

139  1720-1724 

36.409 

36*24.54' 

14.637 

14=  38.22' 

4 

140 

1503 

66.5  /70 

1391801-1805 

36.432 

36=  25.92' 

14.676 

14=40.56' 

3 

137 

1503 

36.5/40 

140  0634-0638 

36.599 

36*35.94' 

14.849 

14=  50.94' 

2 

74 

1502 

56.5  /  60 

140  0800-0804 

36.420 

36=  25.20 

14.855 

14=51.30 

0 

122 

1502 

56.5/60 

140  0826-0830 

36.420 

36=  25.20 

14.843 

14=  50.58' 

0 

132 

1503 

56.5/60 

140  0906-0910 

36.378 

36=  22.68' 

14.831 

14*  49.86' 

0 

128 

1502 

56.5/60 

140  0940-0944 

36.341 

36*20.46' 

14.818 

14*49.08' 

0 

130 

1503 

56.5/60 

140  1059-1102 

36.341 

36=  20.46' 

14.818 

14=  49.08' 

4 

130 

1502 

Fig.  4-2  -  B2004  BBS  measurement  and  site  information  (Malta  Plateau). 
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Malta  Plateau 


B2004 
BBS  Sites 


24 


23 


8 


2Z6  17 

„  20 

28  n 

„  1L 

20  U5 

12  13 
11 

21  30 


LONGITUDE  (deg  E) 


14.7  14.8  14.9  15 

LONGITUDE  (deg  E) 


!■  M 

200  100  0 
DEPTH  (m) 

Fig.  4-3  -  B2002  and  B2004  geographic  locations  of  BBS  sites  vs.  bathymetry. 


A.  Test  Operations 

Direct-path,  near-monostatic  acoustic  BBS  measurements  were  conducted  from  the  Italian 
Navy  ships  ITS  Vega  (B2002)  and  from  ITS  Tavolara  (B2004)  using  a  16-element  VLA 
receiver  cut  for  5000  Hz  and  a  single  source.  Measurements  were  made  using  combinations 
of  10-ms  gated  CW  signals  at  1.5,  2, 2.5,  3,  3.5,  4,  4.5,  and  5  kHz,  and  100-ms  LFMs.  (The 
4.5-  and  5-kHz  CW,  and  the  LFM  results  are  not  shown  here.).  Each  CW  signal  was 
repeated  18  times  with  a  rep  rate  of  5  s.  The  source  was  a  transducer  (ITC  2010)  that  was 
useable  over  2  to  4  kHz  with  source  levels  ranging  from  177  to  187  dB.  (In  B2004,  the 
source  was  housed  in  a  metal  frame  under  a  v-fin.) 

For  B2002,  the  source  was  usually  deployed  at  two  depths  at  each  site.  The  shallow  depth 
ranged  from  20  to  25  m  and  the  deeper  depth  ranged  from  40  to  55  m.  For  B2004,  the 
receiver  was  deployed  at  a  single  (mid-water)  depth,  ranging  from  40  to  70  m.  In  B2002, 
the  source  was  3  m  above  the  center  of  the  VLA  MF  aperture,  while  in  B2004,  the  source 
was  3.5  m  above  the  VLA  aperture  center.  The  sonar  equation  was  used  at  each  depth  to 
derive  scattering  strengths  as  a  function  of  site,  frequency,  and  grazing  angle. 
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B.  Measured  Bottom  Backscattering  Strengths 


B2002  Results 

Figures  4.B-1-4.B-3  show  frequency-dependent  bottom  backscattering  strengths  measured 
at  the  8  B2002  shallow-water  sites  vs.  mean  grazing  angle. 

B2002  -  2500  Hz  B2002  -  3000  Hz 


62002  -  3500  Hz 


GRAZING  ANGLE  (deg) 

Fig.  4.B-1  -  B2002  BBS  vs.  grazing  angle  at  3  frequencies  for  all  sites  (color-coded  just  to  help 
visually  separate  the  8  sites).  (Mackenzie  curve  (dashed)  shown  as  a  reference.) 
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B20O2  -  Site  2 


CD 

Tf 


-20 


O 

LU 
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-25 


-30 


£-35 


< 

0-40 

(O 

* 

O 

< 

C Q  -45 


2000  Hz 
2500  HZ 


-  3000  Hz 

3500  Hz 
-  4000  Hz 


-27  .  iaoB10(s,infy 


10  20  30  40  50 

GRAZING  ANGLE  (deg) 


B2002  -  Site  3 


GRAZING  ANGLE  (deg) 


B2002  -  Site  4 


Fig.  4.B-2  -  B2002  BBS  vs.  grazing 
(EPL  curves  matched  to 


B2002  -  Site  5 


GRAZING  ANGLE  (deg) 


5. 


angle  at  multiple  frequencies  for  Sites  2,  3,  4,  and 
the  data  trend  (dashed)  are  also  shown.) 
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B2002  -  Site  6 


B2002  -  Site  7 


GRAZING  ANGLE  (deg)  GRAZING  ANGLE  (deg) 


B2002  -  Site  8  B2002  -  Site  9 


Fig.  4.B-3  -  B2002  BBS  vs.  grazing  angle  at  multiple  frequencies  for  Sites  6,  7,  8,  and  9. 
(EPL  curves  matched  to  the  data  trend  (dashed)  are  also  shown.) 
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B2004  Results 


Figures  4.B-4-4.B-1 1  show  frequency-dependent  bottom  backscattering  strengths 
measured  at  the  29  B2004  shallow-water  sites  vs.  mean  grazing  angle. 


H  -25 

O 

2 

LLI  m 
££  -30 

h 

^  -35 

E 

LU 

H  -40 

< 

W-45 

U 

< 

m  -50 


■27  *  idtofl  iirro 


5  10  15  20  25  30  35  40 

GRAZING  ANGLE  (deg) 


B2004  -  2500  Hz 


B2004  -  3000  Hz 

-20 


-50- - - * - ■ - ■ - * - — 

0  5  10  15  20  25  30  35  40 

GRAZING  ANGLE  (deg) 


IHog^sinfy 


B2004  -  3500  Hz 


, _ |_i _ l _ _ _ , _ _ -L _ i _ 

0  5  10  15  20  25  30  35  40 


GRAZING  ANGLE  (deg) 


Fig.  4.B-4  -  B2004  BBS  vs.  grazing  angle  at  3  frequencies  for  all  sites  (color-coded  just  to  help 
visually  separate  the  29  sites).  (Mackenzie  curve  (dashed)  shown  as  a  reference.) 
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B20Q4  -  Site  1 


B2004  -  Site  2 


GRAZING  ANGLE  (deg) 


B20G4  -  Site  3 


GRAZING  ANGLE  (deg) 


B2004  -  Site  5 


GRAZING  ANGLE  (deg) 


Fig.  4.B-5  -  B2004  BBS  vs.  grazing  angle  at  multiple  frequencies  for  Sites  1,  2,  3,  and  5. 
(EPL  curves  matched  to  the  data  trend  (dashed)  are  also  shown.) 
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BACKSCATTERING  STRENGTH  (dB)  BACKSCATTERING  STRENGTH  (dB) 


B2004  -  Site  6 


B2004  -  Site  7 


GRAZING  ANGLE  (deg) 


GRAZING  ANGLE  (deg) 


B2004  -  Site  8 


GRAZING  ANGLE  (deg) 


B2004  -  Site  9 


GRAZING  ANGLE  (deg) 


Fig.  4.B-6  -  B2004  BBS  vs.  grazing  angle  at  5  frequencies  for  Sites  6,  7,  8,  and  9. 
(EPL  curves  matched  to  the  data  trend  (dashed)  are  also  shown.) 
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GRAZING  ANGLE  (deg)  GRAZING  ANGLE  (deg) 


GRAZING  ANGLE  (deg)  GRAZING  ANGLE  (deg) 


Fig.  4.B-7  -  B2004  BBS  vs.  grazing  angle  at  multiple  frequencies  for  Sites  10,  11,  12,  and  13. 
(EPL  curves  matched  to  the  data  trend  (dashed)  are  also  shown.) 
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B2004  -  Site  14 


B2004  -  Site  15 


GRAZING  ANGLE  (deg) 


GRAZING  ANGLE  (deg) 


B2004  -  Site  16  B2004-Site  17 


GRAZING  ANGLE  (deg)  GRAZING  ANGLE  (deg) 


Fig.  4.B-8  -  B2004  BBS  vs.  grazing  angle  at  multiple  frequencies  for  Sites  14,  15,  16,  and  17. 
(EPL  curves  matched  to  the  data  trend  (dashed)  are  also  shown.) 
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BACKSCATTERING  STRENGTH  (dB)  BACKSCATTERING  STRENGTH  (dB) 


B2004  -  Site  18 


GRAZING  ANGLE  (deg) 


-20 
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0  10  20  30  40  50 
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B2004  -  Site  19 


1500  Hz 
2000  Hz 
250Q  Hz 
3000  Hz 
3500  Hz 
4000  Hz 


-1 1  *  KHog^sin'fi) 


GRAZING  ANGLE  (deg)  GRAZING  ANGLE  (deg) 


Fig.  4.B-9  -  B2004  BBS  vs.  grazing  angle  at  multiple  frequencies  for  Sites  18,  19,  20,  and  21. 
(EPL  curves  matched  to  the  data  trend  (dashed)  are  also  shown.) 
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B2004  -  Site  22 


B2004  -  Site  23 


U 

< 

ED  -50 


-  2000  Hz 
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3500  Hz 
4000  HS 


0  10  20  30  40 

GRAZING  ANGLE  (deg) 


50 


GRAZING  ANGLE  (deg) 


GRAZING  ANGLE  (deg)  GRAZING  ANGLE  (deg) 


Fig.  4.B-10  -  B2004  BBS  vs.  grazing  angle  at  multiple  frequencies  for  Sites  22,  23,  24,  and  25. 
(EPL  curves  matched  to  the  data  trend  (dashed)  are  also  shown.) 
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B2004  -  Site  26 


B2004  -  Site  27 


B2DD4  -  Site  23  B2004  -  Site  29 


GRAZING  ANGLE  (deg) 


B2004  -  Site  30 


Fig.  4.B-1 1  -  B2004  BBS  vs.  grazing  angle  at  multiple  frequencies  for  Sites  26,  27,  28,  29, 
and  30.  (EPL  curves  matched  to  the  data  trend  (dashed)  are  also  shown.) 
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Combined  B2002  and  B2004  Results 


Figures  4.B-12  and  4.B-13  show  the  best  EPL-curve  fit  values  to  the  B2002  and  B2004 
BBS  vs.  grazing  angle  curves. 


-5 

-10 


m 

TJ 


-15 


-20 


dr  -25 
O 
O 

^  -30 
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-35 


^0 

0  1 


Best  fi,  i i  fits  to  10log1(j(/iSin(Vy) 


B2002  BBS 


a 

A 

8* 


A  2.5  kHz 
&  3.0  kHz 
a  3.5  kHz 


2  3 


12  3  4 


a 


a 


Fig.  4.B-12  -  Distribution  of  best  EPL-curve  fit  values  to  the  B2002  (left)  and  B2004  (right) 
BBS  vs.  grazing  angle  curves  at  3  frequencies. 

(Mackenzie  curve  values  (gray  dot)  shown  as  a  reference.) 


Fig.  4.B-13  -  Distribution  of  best  EPL-curve  fit  values  to  the  combined  B2002  and  B2004 
BBS  vs.  grazing  angle  curves  at  3  frequencies. 

(Mackenzie  curve  values  (gray  dot)  shown  as  a  reference.) 
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5.  T-MAST  02  (SHALLOW  WATER  -  STANTON  BANKS) 


NRL  performed  MF  direct-path  BBS  measurements  between  9  and  13  July  2002  at  16  sites 
(Figs.  5-1  and  5-2)  on  the  Outer  Hebrides  Platform  and  the  Stanton  Banks  (north  of  Ireland; 
west  of  Scotland)  during  the  T-MAST  02  experiment.  This  section  presents  the  BBS 
measurements  from  these  shallow-water  sites. 


T-MAST  02  Bottom  Scattering  Sites 


Source  / 

Water  Sound 

Site 

Receiver 

Date  (JD) 

Latitude 

Longitude 

Water 

Speed  at  the 

Depths  (in) 

Time  (Z) 

(deg  N) 

(degE) 

Depth 

Interface 

(m) 

(m/s) 

60  /  64 

193  0454-0458 

56.155 

8.277 

120 

1493 

4 

30  /  34 

193  0504-0508 

56°  9.27' 

8°  16.59' 

5 

30  /  34 

70/74 

191  0103-0107 

56.237 

8.451 

150 

1494 

191  0123-0127 

56°  14. 1 9f 

8°  27.05' 

30/34 

190  2255-2259 

56.193 

8.619 

128 

1494 

6 

60  /  64 

190  2310-2314 

56°  11.59' 

8°  37.13' 

30  /  34 

192  0801-0805 

56.280 

8.402 

133 

1494 

7 

70/74 

192  0820-0824 

56°  16.81 f 

8°  24.14' 

8 

30  /  34 

60  /  64 

190  2105-2109 

56.184 

8.588 

126 

1493 

190  2120-2124 

56°  11.03' 

8°  35.30' 

30  /  34 

190  1610-1614 

56.032 

8.227 

155 

1493 

9 

70/74 

190  1630-1634 

56°  1.89' 

8°  13.59' 

10 

70/74 

192  1511-1515 

56.280 

8.128 

172 

1494 

30  /  34 

192  1524-1528 

56°  16.79' 

8°  7.67' 

11 

60  /  64 

30  /  34 

193  0255-0259 

56.228 

8.144 

164 

1494 

193  0307-0311 

56°  13.68" 

8°  8.66' 

12 

60  /  64 

30  /  34 

193  0048-0052 

56.167 

8.072 

122 

1494 

193  0104-0108 

56°  10.03r 

8°  4.35' 

13 

70/74 

30  /  34 

193  0906-0910 

56.027 

8.458 

141 

1493 

193  0917-0921 

56°  1.61' 

8°  27.48' 

14 

30  /  34 

192  0950-0954 

56.331 

8.403 

158 

1494 

70/74 

192  1008-1012 

56°  19.85F 

8°  24.15' 

60  /  64 

192  2252-2256 

56.187 

8.028 

121 

1494 

15 

30  /  34 

192  2305-2309 

56°  11.25r 

8°  1.67' 

ie 

70/74 

30  /  34 

192  1713-1717 

56.330 

8.035 

181 

1494 

192  1725-1729 

56°  19.82' 

8°  2.09' 

17 

30  /  34 

70/74 

192  1142-1146 

56.302 

8.236 

130 

1494 

192  1159-1203 

56°  1 8. 1 3r 

8°  14.18' 

19 

30  /  34 

190  1408-1412 

56.047 

8.090 

156 

1493 

70/74 

190  1427-1431 

56°  2.84' 

8°  5.37' 

20 

60  /  64 

192  1856-1900 

56.219 

8.002 

116 

1494 

30  /  34 

192  1907-1911 

56°  13.13' 

8°  0.09' 

Fig.  5-1  -  T-MAST02  BBS  measurement  and  site  information  (Stanton  Banks). 
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LATITUDE  (deg  N)  LATITUDE  (deg  N} 


T-MAST  02  Area  -  Surficial  Sediment  Type 
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Fig.  5-2  -  Geographic  locations  of  T-MAST-02  BBS  measurement  (top)  and  bottom-grab 
(bottom)  sites  vs.  both  bathymetry  and  bottom  type. 
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A.  Test  Operations 


Direct-path,  near-monostatic  acoustic  BBS  measurements  were  conducted  from  the  R/V 
Knorr  using  a  16-element  VLA  receiver  cut  for  5000  Hz  and  a  single  source.  Measurements 
were  made  using  combinations  of  10-ms  CWs  at  8  frequencies  (1.5,  2,  2.5,  . . .  ,  5  kHz)  and 
two  100-ms  linear  frequency  modulated  (LFM)  signals,  one  sweeping  1.5  to  3  kHz  and  the 
other  sweeping  3  to  4.5  kHz.  (The  LFM  and  4-5  kHz  CW  results  are  not  shown  here.)  Each 
CW  signal  was  transmitted  18  times  at  a  rep  rate  of  3  s.  The  T-MAST  02  source  was  a 
transducer  (G81;  192  dB  peak)  usable  over  1.5  to  5  kHz  situated  4  m  above  the  center  of 
the  VLA.  Measurements  were  made  at  two  source  depths  (30  m  and  between  50  and  70  m) 
at  each  site.  The  sonar  equation  was  used  at  each  depth  to  derive  bottom  backscattering 
strengths  as  a  function  of  beam,  frequency,  and  grazing  angle. 


B.  Measured  Bottom  Backscattering  Strengths 

Figures  5.B-1-5.B-5  show  frequency-dependent  bottom  backscattering  strengths  measured 
at  the  16  shallow-water  T-MAST-02  sites.  Figure  5.B-6  shows  the  best  EPL-curve  fit 
values  to  the  T-MAST-02  BBS  vs.  grazing  angle  curves. 

In  Figs.  5.B-2-5.B-5  British  Geological  Survey  (BGS)  bottom  type  (Fig.  5-2)  and  bottom- 
grab  information  (Sect.  5.C)  also  shown,  (No  grab  information  for  Sites  7,  13  and  17  other 
than  they  either  contained  all  large  rocks  or  were  primarily  rocks  with  little  soil.)  The  BGS 
and  bottom-grab  (Fig.  5-2)  key  used  in  Figs.  5.B-2-5.B-5  is: 

R  =  rock;  SG  =  sandy  gravel;  GS  =  gravelly  sand;  SGS  =  slightly  GS 
S  =  sand;  MS  =  muddy  sand;  M  =  mud 

Grab  info.  Surficial  grain  size  provides  a  measure  of  surficial  sediment  properties  and  is 
given  in  logarithmic  units  by  -3.321ogio(J/Jo)  where  d  is  the  mean  grain  size  (‘diameter’), 

and  do  is  the  reference  length  of  1  mm.  Units  are  denoted  <f>  (phi).  See  Sect.  5.C  for  more 

details.  A  measure  of  the  width  of  a  sample’s  grain-size  distribution  is  given  by  the  sorting, 
which  in  the  T-MAST-02  grain-size  analysis  was  the  Inman  sorting  S. 
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BACKSCATTERING  STRENGTH  (dB)  BACKSCATTERING  STRENGTH  (dB) 


T-MAST  02  BBS  (2,  2.5,  3,  3.5  kHz)  data 
Best  |i,  a  fits  to  10lQgi0(n.sintte) 


T-MAST  02  2000  Hz 


T-MAST  02  0000  Hz 


T-MAST  02  3500  H2 


0  5  10  15  20  25  30  05  40  0  5  10  15  20  25  30  35  40 

GRAZING  ANGLE  |deg)  GRAZING  ANGLE  {deg) 


Fig.  5.B-1  -  T-MAST-02  BBS  vs.  grazing  angle  at  4  frequencies  for  all  sites 
along  with  individual  EPL  fits  (color-coded  just  to  help  visually  separate  the  16  sites). 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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BACKSCATTERING  STRENGTH  (dB)  BACKSCATTERING  STRENGTH  (dB) 


T-MAST  02  Site  4 

BGS:  SG  Grab:  R,  *  =  -3.3,  S  =  7.89 


T-MAST  02  Site  7 
BGS:  SG  Grab:  R,  no  <>,  S 


0  5  10  15  30  25  30  35  40 

GRAZING  ANGLE  (deg) 


0  5  10  IS  20  25  30  35  40 

GRAZING  ANGLE  {deg} 


T-MAST  02  Site  17 
BGS:  GS  Grab:  R,  no  S 


T-MAST  02  Site  20 

BGS:  S  Grab:  S  +  R,  {>  =  -2.16,5  =  2.12 


GRAZING  ANGLE  (deg)  GRAZING  ANGLE  (deg) 


Fig.  5.B-2  -  T-MAST-02  BBS  vs.  grazing  angle  at  multiple  frequencies  for  Sites  4,  7,  17,  and 
20.  Each  site’s  BGS-type  and  grab  info  shown  atop  its  plot. 

(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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BACKS C AT T BRING  STRENGTH  (dB>  BACKSCATTERiNG  STRENGTH  (dB) 


T-MAST  02  Site  S 

BOS:  S  Grab:  MS,  «>  =  2,56,  S  =  0.83 
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Fig.  5.B-3  -  T-MAST-02  BBS  vs.  grazing  angle  at  multiple  frequencies  for  Sites  5,  9,  10,  and 
1 1 .  Each  site’s  BGS-type  and  grab  info  shown  atop  its  plot. 

(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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BACKSCATTERING  STRENGTH  (UB|  BACKSCATTERING  STRENGTH  (dBJ 


T-MAST  02  Site  14 

BGS:  S  Grab:  MS,  4  =  2.41,  S  =  1.15 


T-MAST  02  Site  15 
BGS:  GS  Grab:  S,  4  =  2.26,  S  =  0,59 


T-MAST  02  Site  10 


BGS:  SGS  Grab:  MS,  *  =  2.54,  S  =  0.86 


T-MAST  02  Site  6 

BGS:  SG  Grabs:  MS  +  R,  4  =  1.27,  S  =  0.80 


Fig.  5.B-4  -  T-MAST-02  BBS  vs.  grazing  angle  at  5  frequencies  for  Sites  14,  15,  19,  and  6. 
Each  site’s  BGS-type  and  grab  info  shown  atop  its  plot. 

(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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BACKSCATTERING  STRENGTH  (dB)  BACKSCATTERING  STRENGTH  (dB) 


T-MAST  02  Site  6 

BGS:  GS  Grab:  S+R,  4  = -0.75,  S  =  0.77 


T-MAST  02  Site  16 

BGS:  m  Grab:  SM  +  R,  o  =  0.85,  S  =  3.74 


T-MAST  02  Site  12 

BGS:  SG  Grab:  G  +  R,  o  =  -1.83,  S  =  3.88 


T-MAST  02  Site  13 


BGS:  SGS  Grab:  S  +  R,  no  <)>,  S 


Fig.  5.B-5  -  T-MAST-02  BBS  vs.  grazing  angle  at  multiple  frequencies  for 
Sites  16,  8,  12,  and  13.  Each  site’s  BGS-type  and  grab  info  shown  atop  its  plot. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Best  fj,,  a  fits  to  1Olog1o(/isina0) 


Fig.  5.B-6  -  Distribution  of  best  EPL-curve  fit  values  to  the  T-MAST-02  BBS  vs.  grazing  angle 
curves  at  3  frequencies.  (Mackenzie  curve  values  (gray  dot)  shown  as  a  reference.) 


C.  In-Situ  Bottom  Grabs 

Figures  5.C-1-5.C-13  show  bottom  grab  analysis  corresponding  to  13  of  the  16  BBS  sites. 
Sites  4,  7,  and  17  were  all  large  rocks  and  not  analyzed,  and  Site  20  consisted  of  primarily 
rocks  with  a  little  soil — these  4  BBS  sites  did  not  undergo  grain-size  analysis;  however,  a 
grab  was  made  near  Site  4  (Fig.  5.C-1),  so  that  is  used  as  a  surrogate  for  Site  4. 

Sediment-sample  phi  values  can  range  from  -12  (hard)  to  14  (soft);  e.g.,  cobble  ranges 
from  -6  to  -8  <p,  and  clay  from  8  to  14  <j>.  (See  Table  4.1  of  Jackson  and  Richardson,  2007.) 
At  high  frequencies  (10-100  kHz),  surficial  grain  size  has  been  found  to  be  a  useful 
sediment  descriptor.  Geoacoustic  relationships  have  been  developed  between  (j)  and  the 
sediment-water  density  ratio,  sediment  sound-speed  ratio  and  loss  parameters,  and 
sediment  spectral  parameters.  See  Jackson  and  Richardson  (2007)  for  details.  However,  at 
T-MAST-02  frequencies  (1.5-5  kHz),  due  to  deeper  acoustic  penetration  of  transmitted 
acoustic  energy,  it  is  unclear  that  surficial  grain  size  will  necessarily  be  a  useful  seafloor 
descriptor  for  BBS  prediction. 
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Analysis  rrofe:  RV2  Mooring  consisted  of  big  rocks  and  mud. 

Dried  and  weighed  only  the  mud. 

TJie  gr.ain-she  analyses  of  T-MAST  02  sediment  samples  were  performed  (for  ONR)  by  A  nna  Barrios 
and  Tom'  Clark,  Department  of  Marine,  Earth  and  Atmospheric  Sciences,  North  Carolina  State  University 


Fig.  5.C-1  -  Grain-size  analysis  for  bottom  grab  sample  near  T-MAST-02  Site  4. 
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The  grain-size  analy  ses  of  T-MiST  02  sediment  samples  M  ere  performed  (for  ONRj  by  Anna  Barrios 
and  Tony  Clark,  Department  of  Marine,  Earth  and  Atmospheric  Sciences,  North  Carolina  State  University 


Fig.  5.C-2  -  Grain-size  analysis  for  bottom  grab  sample  at  T-MAST-02  Site  5. 
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The  grain-size  analyses  of  T-MAST  02  sediment  samples  were  performed  (for  ONE)  by  A  nna  Barrios 
and  Jo  m-  Clark.  Department  of  Marine.  Earth  and  Atmospheric  Sciences.  North  Carolina  State  University ■ 


Fig.  5.C-3  -  Grain-size  analysis  for  bottom  grab  sample  at  T-MAST-02  Site  6. 
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Analysis  note:  BSS  8  had  3  mid-sized  rocks  in  it  with  a  little  soil 


772 1?  grain-siie  analyses  of  T-MAST  02  sediment  samples  were  performed  (for  ONR)  by  Anna  Barrios 
and  Tom-  Clark.  Department  of  Marine,  Earth  and  Atmospheric  Sciences .  North  Carolina  State  University 


Fig.  5.C-4  -  Grain-size  analysis  for  bottom  grab  sample  at  T-MAST-02  Site  8. 
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The  grain-size  analyses  of  T-MAST  02  sediment  samples  were  performed  (for  ONRj  by  Anna  Barrios 
and  Tom’  Clark,  Department  of  Marine,  Earth  and  Atmospheric  Sciences,  North  Caro  Una  State  University 


Fig.  5.C-5  -  Grain-size  analysis  for  bottom  grab  sample  at  T-MAST-02  Site  9. 
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Ike  grains  lie  analyses  of  I-MAST  02  sediment  samples  were  performed  (for  ONR)  by  A  nna  Barrios 
and  Tom-  Clark.  Department  of  Marine.  Earth  and  Atmospheric  Sciences.  N'orthCarolinaState  University- 


Fig.  5.C-6  -  Grain-size  analysis  for  bottom  grab  sample  at  T-MAST-02  Site  10. 
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The  grain-size  analyses  of  T-MAST  02  sediment  samples  were  performed  (for  ONR)  fry  A  nna  Barrios 
and  Tarry  Clark,  Department  of  Marine,  Earth  and  Atmospheric  Sciences,  North  Carolina  State  University 


Fig.  5.C-7  -  Grain-size  analysis  for  bottom  grab  sample  at  T-MAST-02  Site  11. 
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The  grain-size  anahses  of  T-MAST  02  sediment  samples  were  performed  (for  ONR)  by  A  mm  Barrios 
and  Tarry  Clark,  Department  of  Marine,  Earth  and  Atmospheric  Sciences,  North  Carolina  State  Unh-ersity 


Fig.  5.C-8  -  Grain-size  analysis  for  bottom  grab  sample  at  T-MAST-02  Site  12. 
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Z7it?  grain-size  analyses  of  T-MAST  02  sediment  samples  were  performed  (for  ONR)  by  A  nna  Barrios 
and  Tarry  Clark ;  Department  of  Marine .  Earth  and  Atmospheric  Sciences .  Afcrtfz  .State  Lfojvemte 


Fig.  5.C-9  -  Grain-size  analysis  for  bottom  grab  sample  at  T-MAST-02  Site  14. 
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Fig.  5.C-10  -  Grain-size  analysis  for  bottom  grab  sample  at  T-MAST-02  Site  15. 
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The  grain-size  analyses  of  T-MAST  02  sediment  samples  were  performed  for  ONBj  by  Anna  Barrios 
and  Tony  Clark.  Department  of  Marine.  Earth  and  Atmospheric  Sciences.  North  Carolina  State  University- 


Fig.  5.C-1 1  -  Grain-size  analysis  for  bottom  grab  sample  at  T-MAST-02  Site  16. 
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The  grain-size  analyses  of  T-MAST  02  sediment  samples  were  performed  for  ONR)  by  Anna  Barrios 
and  Tony  Clark,  Department  of  Marine,  Earth  and  Atmospheric  Sciences,  North  CarolinaState  University 


Fig.  5.C-12  -  Grain-size  analysis  for  bottom  grab  sample  at  T-MAST-02  Site  19. 
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Fig.  5.C-13  -  Grain-size  analysis  for  bottom  grab  sample  at  T-MAST-02  Site  20. 
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D.  BBS  vs.  Grain  Size  and  Bottom  Type 


Figure  5.D-1  shows  EPL  fit  values  at  4  frequencies  vs.  BGS  bottom  type  and  bottom-grab 
grain  size  corresponding  to  the  16  T-MAST-02  BBS  sites. 


T-MAST  02 

Best  ji ,  a  fits  to  1Olog1o(jisinQ0) 

BBS  (2,  2.S,  3,  3.5  kHz)  data 


1  £  3  4  5  G  7  4  4  -2  -10  1234 

BGS  Type  MEAN* 


Fig.  5.D-1  -  Best  EPL-curve  fit  values  vs.  BGS  bottom  type  (left)  and  grain-size  (right)  for  the  16 

T-MAST-02  sites  over  4  frequencies. 


47 


6.  OREX-05  (SHALLOW  WATER  -  HECETA  BANK) 


NRL  performed  LF  and  MF  direct-path  BBS  measurements  between  16  and  27  July  2005 
at  25  sites  (Figs.  6-1  and  6-2)  during  the  OREX  05  experiment,  22  on  the  Heceta  Bank  (off 
the  Oregon  coast),  1  on  its  western  slope,  and  2  just  off  its  western  slope.  This  section 
presents  the  BBS  measurements  from  these  sites. 


Heceta  Bank 


125.2  125  124.8  124.6 


LONGITUDE  (deg  W) 

■  M 

250  150  50 

DEPTH (m) 


Fig.  6-1  -  OREX  2005  geographic  location  of  BBS  sites  vs.  bathymetry. 


48 


Site 

1 

2 

3 

4 

5 

6 

7 

& 

9 

10 

11 

12 

13 

14 

15 

16 

17 

IS 

19 

20 

21 

22 

23 

24 

25 


OREX  2005  Bottom  Scattering  Sites 

XF4  ( G  S 1 )  Water  Sound 


Source/ 

Date  (JD) 
Time  (Z) 

Latitude 

Longitude 

Wind 

Water 

Speed  at  the 

LF  (IMF) 

(deg  IN) 

(deg  W) 

Speed 

Depth 

Interface 

Receiver 

(kts) 

(m) 

(m/s) 

Depths  (m) 

47  (4S.S)  / 

197 

44.060 

124.913 

17 

153 

1432 

57.4(52.3) 

0401-0453 

44=  3. 53' 

124=  55.05' 

30  (31.3)  / 

193 

44.133 

44=  7.93' 

125.110 

31 

1460 

1435 

90.4(35.3) 

0303-0359 

125=6.60' 

30  (31.3)  / 

199 

43.962 

125.100 

22 

1455 

1435 

90.4(35.3) 

0333-0411 

43"  57.69' 

125=  5.99' 

50  (5 1.8}  / 

199 

44.213 

124.697 

20 

111 

1430 

60.4(55.3) 

1652-1653 

44"  12.73'’ 

124=  41.32' 

50  (51.3)  / 

200 

44.260 

124.779 

22 

120 

1501 

60.4(55.3) 

0230-0311 

44=  15.60' 

124=  46.74' 

SO  (31.3)  / 

200 

44.249 

124.951 

124=  57.05' 

22 

455 

1430 

90.4(35.3) 

2109-2205 

44=  14.91F 

50  (51.3)  / 

202 

44.350 

124.667 

13 

102 

1431 

60.4(55.3) 

2333-0002 

44D  2 1  „O0F 

124=  40.02' 

40  (41.3)  / 

203 

44.333 

124.633 

19 

96 

1432 

50.4  (45.3) 

0109-0223 

44D  19.9  7 r 

124=  40.96' 

40  (41.3)  / 

203 

44.310 

124.667 

16 

34 

1432 

50.4(45.3) 

0315-0343 

44D  13.60r 

124=  40.02' 

50  (51.3)  / 

203 

44.350 

124.666 

7 

102 

1432 

60.4  (55.3) 

0435-0453 

44=  20.99' 

124=  39.93' 

50  (51.3)  / 

205 

44.150 

124.367 

24 

107 

1437 

60.4(55.3) 

0343-0406 

44=9.00' 

124=  52.02' 

50  (51.3)  / 

205 

44.166 

124.333 

11 

116 

1437 

60.4(55.3) 

1416-1439 

44=9.93'' 

124=  53.00' 

50  (51.3)  / 

205 

44.103 

124.392 

10 

117 

1431 

60.4(55.3) 

1559-1633 

44=  6.19'' 

124=  53.52' 

40  (41.3)  / 

205 

44.160 

124.356 

9 

35 

1432 

50.4(45.3) 

1726-1751 

44=  9.60r 

124=  51.36' 

40  (41.3)  / 

205 

44.169 

124.306 

50.4(45.3) 

1330-1352 

44=  10.1  &F 

124=  43. 36' 

10 

73 

1432 

60  (61.3)  / 

205 

44.143 

124.901 

9 

141 

1433 

70.4(65.3) 

2000-2024 

44=  3.56' 

124=  54.05' 

50  (51.3)  / 

205 

44.142 

124.353 

60.4(55.3) 

2102-2227 

44=  3.52r 

124=  51.43' 

10 

105 

1432 

50  (51.3)  / 

206 

44.333 

124.697 

15 

125 

1437 

60.4(55.3) 

0013-0040 

44=  22.95' 

124=41.35'' 

50  (51.3)  / 

206 

44.326 

124.663 

16 

99 

1431 

60.4(55.3) 

0123-0150 

44=19.55' 

124=  40.06' 

40  (41.3)  / 

206 

44.305 

124.690 

16 

93 

1431 

50.4(45.3) 

0252-0314 

44=  13  31' 

124=  41.37' 

50  (51.3)  / 

206 

44.355 

124.637 

15 

110 

1431 

60.4(55.3) 

0403-0424 

44=21.29' 

124=  41.24' 

40  (41.3)  / 

203 

44.135 

124.642 

20 

119 

1431 

50.4  (45.3) 

1626-1649 

44=  11.10f 

124=  33.52' 

40  (41.3)  / 

203 

44.137 

124.634 

13 

117 

1431 

50.4(45.3) 

1727-1753 

44=11.23' 

124=  33.06' 

40  (41.3)  / 

203 

44.173 

124.640 

19 

120 

1437 

50.4(45.3) 

1330-1352 

44=  10.69'' 

124=  33.40' 

50  (51.3)  / 

203 

44.137 

124.649 

21 

117 

1437 

60.4(55.3) 

1949-2011 

44=  11.23' 

124=  33.96' 

Fig.  6-2  -  OREX  2005  BBS  measurement  and  site  information  (Heceta  Bank). 
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A.  Test  Operations 


Direct-path,  near-monostatic  acoustic  BBS  measurements  were  conducted  from  the  R/V 
Wecoma  using  a  vertical  line  array  (VLA)  receiver  cut  for  1000  Hz  and  5000  Hz  and  two 
sources.  There  were  two  VLA  apertures:  a  MF  aperture  of  16  phones  with  a  6-inch  spacing 
and  a  LF  aperture  of  16  phones  with  a  30-inch  spacing.  Measurements  were  made  using 
combinations  of  10-ms  CWs  at  16  frequencies  (0.6,  0.8,  1,  1.2,  1.4,  1.5,  1.6,  1.8,  2,  2.2, 
2.5,  3,  3.5,  4,  4.5  and  5  kHz).  Each  CW  signal  was  transmitted  18  times  at  a  rep  rate  of  3 
s.  The  OREX-05  sources  were  a  MF  transducer  (G81;  194  dB  peak)  usable  over  1.5  to  5 
kHz  situated  4  m  above  the  center  of  the  VLA  and  a  LF  transducer  (XF-4;  194  dB  peak) 
usable  over  0.6  kHz  to  2.2  kHz  located  10.4  m  above  the  center  of  the  VLA.  Measurements 
were  made  at  source  depths  ranging  from  40  m  to  80  m  at  each  site.  The  sonar  equation 
was  used  at  each  depth  to  derive  scattering  strengths  as  a  function  of  beam,  frequency,  and 
grazing  angle. 


B.  Measured  Bottom  Backscattering  Strengths 

Figure  6.B-1  shows  BBS  vs.  mean  grazing  angle  at  3  frequencies  for  19  OREX-05  shallow- 
water  sites.  Figures  6.B-2-6.B-14  show  bottom  backscattering  strengths  measured  at  the 
25  OREX-05  sites  for  up  to  16  of  the  transmitted  frequencies:  .6,  .8,  1,  1.2,  1.4,  1.5,  1.6, 
1.8,  2,  2.2,  2.5,  3,  3.5,  4,  4.5  and  5  kHz;  for  each  sites,  the  images  on  the  left  are  the  MF 
data  results  using  the  G81  source,  and  those  on  the  right  are  the  data  results  using  the  XF- 
4  source.  Figure  6.B-15  shows  the  best  EPL-curve  fit  values  to  the  OREX-05  BBS  vs. 
grazing  angle  curves  for  the  19  sites  shown  in  Fig.  6.B-1.  (See  also  Kunz  and  Gauss  (2000) 
for  LWAD  99-3  Heceta  Bank  BBS  measurement  and  modeling  results.) 
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Fig.  6.B-1  -  OREX-05  BBS  vs.  grazing  angle  at  3  frequencies  for  19  shallow-water  sites 
(color-coded  just  to  help  visually  separate  the  sites). 

(Mackenzie  curve  (dashed)  shown  as  a  reference.) 
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Fig.  6.B-2  -  OREX-05  MF  (left)  and  LF  (right)  BBS  vs.  grazing  angle  at  multiple  frequencies 
for  Sites  1  and  2.  (EPL  curves  matched  to  the  data  trend  (dashed)  are  also  shown.) 
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Fig.  6.B-3  -  OREX-05  MF  (left)  and  LF  (right)  BBS  vs.  grazing  angle  at  multiple  frequencies 
for  Sites  3  and  4.  (EPL  curves  matched  to  the  data  trend  (dashed)  are  also  shown.) 
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Fig.  6.B-4  -  OREX-05  MF  (left)  and  LF  (right)  BBS  vs.  grazing  angle  at  multiple  frequencies 
for  Sites  5  and  6.  (EPL  curves  matched  to  the  data  trend  (dashed)  are  also  shown.) 
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Fig.  6.B-5  -  OREX-05  MF  (left)  and  LF  (right)  BBS  vs.  grazing  angle  at  multiple  frequencies 
for  Sites  7  and  8.  (EPL  curves  matched  to  the  data  trend  (dashed)  are  also  shown.) 
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OREX  2005  -  Site  9 
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Fig.  6.B-6  -  OREX-05  MF  (left)  and  LF  (right)  BBS  vs.  grazing  angle  at  multiple  frequencies 
for  Sites  9  and  10.  (EPL  curves  matched  to  the  data  trend  (dashed)  are  also  shown.) 
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Fig.  6.B-7  -  OREX-05  MF  (left)  and  LF  (right)  BBS  vs.  grazing  angle  at  multiple  frequencies 
for  Sites  1 1  and  12.  (EPL  curves  matched  to  the  data  trend  (dashed)  are  also  shown.) 
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Fig.  6.B-8  -  OREX-05  MF  (left)  and  LF  (right)  BBS  vs.  grazing  angle  at  multiple  frequencies 
for  Sites  13  and  14.  (EPL  curves  matched  to  the  data  trend  (dashed)  are  also  shown.) 


58 


OREX  2005  *  Site  1 5 


OREX  2005 -Site  15 


to  *15 


it -20 

O 

|-25 

H 

Cfl 

| -30 

& 

to 

H  -35 

< 

O 

»40 

O 

< 

m_45 


1500  Hz 

-  2000  Hz 

-  2500  Hz 

-  3000 

3500 

- 4000 

4500 
5000 


-18  *  1Wog1#(sir3^ 

t 

i 

J 

_{ _ ■ _ i _ 


0  10  20  30  40  50 

GRAZING  ANGLE  (deg) 


*15 


-20 


-25 


-  1200  Hz 

1400  Hz 

- -  1600  Hz 

1800  Hz 
2000  Hz 
-  2200  Hz 


-30 


-35 


/ 

*27  4  lCta$ia(sin0} 


-40 

-45 


10  20  30 

GRAZING  ANGLE 


LF 

source 


40 

(deg) 


50 


Note  differentscales 


OREX  2005  -  Site  16 


Fig.  6.B-9  -  OREX-05  MF  (left)  and  LF  (right)  BBS  vs.  grazing  angle  at  multiple  frequencies 
for  Sites  15  and  16.  (EPL  curves  matched  to  the  data  trend  (dashed)  are  also  shown.) 
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Fig.  6.B-10  -  OREX-05  MF  (left)  and  LF  (right)  BBS  vs.  grazing  angle  at  multiple  frequencies 
for  Sites  17  and  18.  (EPL  curves  matched  to  the  data  trend  (dashed)  are  also  shown.) 


60 


OREX  2005-  Site  19 


OREX  2005  *  Site  19 


GRAZING  ANGLE  (deg) 


*15 


-20 


-25 

-30 

-35 

-40 

-45 


t 

f 

t 

4.5  +  l0lO510(sinJfl) 


t 

t 

t 


eoo  Hz 

-  800  Hz 

-  1600  Hz 

1800  Hz 
2000  Hz 
-  *  -  2200  Hz 


LF 

source 


10  20  30  40 

GRAZING  ANGLE  (deg) 


OREX  2005  -  Site  20  OREX  2005  *  Site  20 


GRAZING  ANGLE  (deg)  GRAZING  ANGLE  (deg) 


Fig.  6.B-1 1  -  OREX-05  MF  (left)  and  LF  (right)  BBS  vs.  grazing  angle  at  multiple  frequencies 
for  Sites  19  and  20.  (EPL  curves  matched  to  the  data  trend  (dashed)  are  also  shown.) 
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Fig.  6.B-12  -  OREX-05  MF  (left)  and  LF  (right)  BBS  vs.  grazing  angle  at  multiple  frequencies 
for  Sites  21  and  22.  (EPL  curves  matched  to  the  data  trend  (dashed)  are  also  shown.) 
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Fig.  6.B-13  -  OREX-05  MF  (left)  and  LF  (right)  BBS  vs.  grazing  angle  at  multiple  frequencies 
for  Sites  23  and  24.  (EPL  curves  matched  to  the  data  trend  (dashed)  are  also  shown.) 
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OREX  2005  -  Site  25 


OREX  2005  -  Site  25 
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Fig.  6.B-14  -  OREX-05  MF  (left)  and  LF  (right)  BBS  vs.  grazing  angle  at  multiple  frequencies 
for  Site  25.  (EPL  curves  matched  to  the  data  trend  (dashed)  are  also  shown.) 


Fig.  6.B-15  -  Distribution  of  best  EPL-curve  fit  values  to  OREX-05  BBS  vs.  grazing  angle 
curves  at  3  frequencies  for  the  19  shallow-water  sites  shown  in  Fig.  6.B-1. 
(Mackenzie  curve  values  (gray  dot)  shown  as  a  reference.) 
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7.  CROSS-EXERIMENT  EPL-FIT  VALUES  (SHALLOW  WATER) 


Figure  7-1  shows  the  best  EPL  BBS  fit  values  at  3  frequencies  across  all  the  shallow-water 
experiments,  showing  that  the  standard  Mackenzie  curve  and  Lambert’s  law  do  not  match 
the  BBS  data  grazing-angle  curves  well  over  moderate  grazing  angles  (-10-40  deg)  at  MF 
in  shallow  water. 


a 


(1 


Fig.  7-1  -  Distribution  of  best  EPL-curve  fit  values  to  BBS  vs.  grazing  angle  curves  at  3 
frequencies  for  all  the  shallow-water  sites  (B2001,  B2002,  B2004,  T-MAST-02,  and  OREX-05). 
(Mackenzie  curve  values  (gray  dot)  shown  as  a  reference.) 
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8 


LFA-11  (DEEP  WATER  -  SCOTIAN  CONTINENTAL  RISE) 


NRL  performed  LF  direct-path  BBS  measurements  between  26  and  31  August  1993  at  19 
sites  (Figs.  8-1  and  8-2)  on  the  deeply-sedimented  (mostly  mud)  Scotian  Continental  Rise 
during  the  LFA-11  experiment.  This  section  presents  the  BBS  measurements  from  these 
sites  (runs). 
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Fig.  8-1  -  LFA-1 1  BBS  site/run  (‘Set  ID’)  information. 
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Fig.  8-2  -  LFA-1 1  BBS  sites  (runs)  geographically  vs.  bathymetry. 
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A.  Test  Operations 


Direct-path,  quasi-monostatic  acoustic  BBS  LF  measurements  were  conducted  under  the 
auspices  of  SPAWAR  (PMW  182)  from  the  M/V  Cory  Chouest  using  a  high-resolution 
HLA  and  a  source  with  vertical  directivity,  jointly  towed  at  ~1.5  m/s.  Measurements  were 
made  primarily  using  combinations  of  0.1-  and  1-s  CWs  at  190  and  270  Hz,  and  1-  and  4- 
s  HFM  sweeps  spanning  210-230  and  290-310  Hz.  Each  signal  was  typically  transmitted 
7  times  at  a  rep  rate  of  60  s.  Subsets  of  these  signals  were  repeated  at  two  source  steering 
angles  to  enhance  the  grazing-angle  coverage.  The  relatively  shallow  receiver  and  source 
center  depths  are  listed  in  Fig.  8.1.  The  receiver-look  directions  used  in  deriving  the  BSS 
values  were  ~130-160°R.  The  sonar  equation  was  used  at  each  depth  to  derive  scattering 
strengths  as  a  function  of  beam,  frequency,  and  grazing  angle. 


B.  Measured  Bottom  Backscattering  Strengths 

Figures  8.B-1-8.B-64  show  bottom  backscattering  strengths  measured  at  the  19  LFA-11 
‘Segment  3’  sites/runs  (Figs.  8-1  and  8-2)  for  the  above  signal  combinations.  The  header 
at  the  top  of  each  image  gives  the  signal  duration  and  frequency,  along  with  the  source¬ 
steering  angle.  (Generally,  the  axes  limits  are  the  same,  but  occasionally  the  x-axis  upper 
limit  varies,  e.g.,  Site/Run  24.) 

The  low-frequency  BBS  oscillations  are  hypothesized  to  be  a  propagation  effect  due  to  a 
standing  wave  being  generated  between  the  water-sediment  interface  and  a  caustic  in  the 
very  thick  sediment  (Gauss  et  al.,  1996).  The  change  of  depth  of  the  caustic  with  range  is 
responsible  for  the  oscillations  with  grazing  angle;  the  sediment  sound-speed  profde  drives 
the  amplitude.  See  Holland  and  Neumann  (1998)  for  a  theoretical  model  of  the 
phenomenon  with  application  to  CST-5  data  at  225  and  930  Hz.  See  Vogt  and  Tucholke 
(1986)  for  details  on  the  geology  of  the  Scotian  Continental  Rise. 
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Run  20 


LFRII  23007  B51  -13  STEER 
0.1  sbc  CM  t  S90  Hi 


LFR1I  23305  B5!  24  STEER 

0,1  sbc  CM  §  190  Hi 


LFflll  23S07  BS5  -13  STEER  LFR  J !  2360S  BSS  -24  STEER 

] .0  sec  cw  §  190  Hi  1,0  see  OH  @  19D  Hz 


Fig.  8.B-1  -  Site  20  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals  at 
190  Hz  and  source-steering  angles  of  down  13  (left)  and  down  24  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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SCATTERING  STRENGTH  (d8)  SCATTERING  STRENGTH  CdESl 


Run  20 


Lrmi  23807  BS2  -13  STEER 

1*0  sac  HFM  @  (210-230)  Hz 


LF611  23806  852  -24  STEER 
] .  D  s*c  HFn  e  >1210-230)  Hz 


LFR11  23807  B56  -13  STEER 

*.D  e: u-c;  HFH  0  C21D-230]  Ha 


LFR11  2 3 BOB  B56  ~2i  STEER 

^.0  sec  HFH  i  [210-230)  Kz 


10  15  BG  Z5  3D 

HERN  ERRS] mg  RNGLE:  tctag] 


]  0  3&  Hi  li'a  52 

HORN  GRAZING  ANGLE  (degj 


Fig.  8.B-2  -  Site  20  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (bottom)  HFM  signals 
sweeping  210-230  Hz  and  source-steering  angles  of  down  13  (left)  and  down  24  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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SCATTERING  STRENGTH  LdB)  SCFITTERING  STRENGTH  ld&] 


Ruin  20 


LFflil  3380?  653-13  STEER 

0, I  see  CH  @  270  Hz 


LFR1 l  2380G  6S3  -24  STEER 
D- 3  soc  CW  g  270  H* 


LFflil  23807  057  -13  STEER 
1,0  sec  Chi  9  370  Hz 


LPRl 1  23306  057  -24  STEER 
1.0  sec  Chi  9  370  Hz 


Fig.  8.B-3  -  Site  20  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals  at 
270  Hz  and  source-steering  angles  of  down  13  (left)  and  down  24  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 


71 
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[gpi  manyis  aNiaauuas  aNUiniuas 


Run  20 


LFFI1L  23807  851  -13  STEER 
L  .0  use  rfTl  e  1 290-3] DJ  Hz 


LFRU  2380 6  BS4  -24  STEER 
1 .0  sec  H FH  g  1390-310)  Hz 


LFflll  23807  8S8  -13  STEER 
4.0  sec  HFM  B  1390-3101  Hi 

o 

H 

P 

a 

? 

s 

?■ 

0  $  io  i!  a  as  so  is  »  o  s  10  is  za  re  w  35  « 

nCHN  GRHZI KS  fiHSLE  [deg)  HERN  GRAZING  ANGLE  [deg  I 


LFflll  23806  638  -21  STEER 
1.0  sec  HF'N  e  C2SO-3L0I  Hz 


Fig.  8.B-4  -  Site  20  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (bottom)  HFM  signals 
sweeping  290-310  Hz  and  source-steering  angles  of  down  13  (left)  and  down  24  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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SCATTERING  STRENGTH  IdB)  SCATTERING  STRENGTH  IdB) 

■Kl  -SO  -511  -30  -30  -to  -70  -so  -50  -50  -30  -20  -ID 


Run  21 
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1  ■ 1  11  <  1 1  1  . . >  1  1 1  1 .  ■  •  “  1  •  1  1  r“-  J  1  ■  1  1  11  I  ■  ■  I  ■  I  I  11 . . .  ■  ■  ■  ■ 

a  5  1,0  L5  2a  25  30  15  HD  5,  ID  IS  3D  '&>  30  15  HO 

HERN  GRAZING  ANGLE  I  deg)  MEAN  GRAZING  ANGLE  Idcql 


Fig.  8.B-5  -  Site  21  LFA-1 1  BBS  vs.  grazing  angle  for  4  signals:  0.1-s  CWs  (top)  at  190  (left) 
and  270  (right)  Hz;  and  1-s  HFMs  (bottom)  sweeping  210-230  (left)  and  290-310  (right)  Hz. 

The  source-steering  angle  was  down  1 3  deg. 

(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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SCATTERING  STRENGTH  )dB]  SCATTERING  STRENGTH  Id6l 


Run  22 


LFHll  23817  BS1  -20  STEER  |_FR  1 1  23817  B51  -30  STEER 

0.3  gee  CM  §  L90  Hz  Q.\  CH  @  190  Hz 


: 
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Ej 
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H£flN  GRAZING  HNGLC  fdegJ  NEflN  GRAZING  ANGLE  [deg] 

LTRI |  23BI7  BBS  -20  STEER 

KQ  sec  Ckl  £  ]9Cl  Hz 


Fig.  8.B-6  -  Site  22  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals  at 
190  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  22 


LFflll  23317  BS2  -20  STEER  LFR1 1  23817  352  -30  STEER 

1,0  sac  HFfl  ?  I210-23QI  Hz  l  .0  sec  Hftl  S  1210-230)  Hz 


MEAN  GRAZING  ANGLE  (dag)  MEAN  GRAZING  ANGLE  [deg] 


LFflll  23017  B56  -20  STEER 

3.0  sac  HEM  e  (210-230]  Hz 


Fig.  8.B-7  -  Site  22  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (bottom)  HFM  signals 
sweeping  210-230  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  22 


LEFU 1  23817  B53  -20  STEER 
0.1  sec  CH  f  270  Hz 


LFfill  23817  B33  -30  STEER 
0.1  soc  CH  @  270  Hz 


LFRII  238 17  BS7  -20  STEER 

1.0  sec  CH  §  270  Hz 


Fig.  8.B-8  -  Site  22  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals  at 
270  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  22 


MEAN  GRRZ [NS  ANGLE  Ldeg] 


MEAN  GRAZING  ANGLE  [deg I 


LFflll  23817  BS8  -20  STEER 

4.D  see  I frt  £  [29Q-31QJ  Hz 


Fig.  8.B-9  -  Site  22  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (bottom)  HFM  signals 
sweeping  290-310  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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SCATTERING  STRENGTH  tdB] 

-?0  -60  -50  -«  -30  -20  -ID 


Run  23 


LFRll  23620  BS1  -20  STEER 

0,  ]  soc  Cl A  i  190  Hz 


LFR] 1  23830  053  -20  STEER 
0-1  sec  CW  e  270  Hz 
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o  ■ 

Cl -2 

0  5  10  15  TO  7b  m  15  W  '  0  f  14  IS  SO  X,  M  M  10 

HERN  GRAZING  HRGLE  Idegi  MEHN  GRAZING  ANGLE  LdagI 


LFflll  23820  0S2  -20  STEER  LFflll  23820  BS4  -20  STEER 

].0  sec  HFM  8  1210-230)  Hi  1-0  H~«  &  [290-3101  Hi 


Fig.  8.B-10  -  Site  23  LFA-1 1  BBS  vs.  grazing  angle  for  4  signals:  0.1-s  CWs  (top)  at  190  (left) 
and  270  (right)  Hz;  and  1-s  HFMs  (bottom)  sweeping  210-230  (left)  and  290-310  (right)  Hz. 

The  source-steering  angle  was  down  20  deg. 

(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  24 


Lrmi  23900  OS!  -3D  steer 

Q+1  sec  CH  e  3  3D  Hz 


LFflll  23300  B53  -30  STEER 

G- i  sec  CN  %  190  H3 
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lg  as  20 

HERN  GRAZING  ANGLE  [dag] 


w 


LFfU  1  23300  BS5  -20  STEER 

1,0  sec  C A  S  (90  Hz 


Fig.  8.B-1 1  -  Site  24  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals 
at  190  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  24 


■& 

LFflll  239 DD  952  -2G  STEER 

1,0  eec  HFM  g  12IGS301  H* 

□ 

LFflll  23900  BS2  -30  STEER 

1.0  sac  HFM  @  ( 21 D- 2301  Hz 
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a  5  IQ  15  2a  25  ID  35  ID  0  5  ]fl>  IS  2fl  2S  3D  35 

HERN  GRAZING  RNGLE  Cdsg]  MCRN  GRR2 [N6  ANGLE  I  dag  I 


LFA1 I  23900  0S6  -20  STEER 

i^O  sac  HFM  @  1210-230]  Hr 


Fig.  8.B-12  -  Site  24  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (bottom)  HFM  signals 
sweeping  210-230  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  24 


LFHll  23900  BS3  -20  STEER 
D.l  sec  CN  8  270  Hi 


LFR1 1  23900  3S3  -30  STEER 
0. 1  sec  CH  9  270  H* 


LERI  1  23900  357  -20  STEER 
1.0  sec  CW  8  270  Hz 


Fig.  8.B-13  -  Site  24  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals 
at  270  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  24 


LFRl 1  23900  ESS  4  -20  STEER  LFfll I  23900  BS4  -30  STEER 

1.0  sac  HFM  @  (250-310)  Hi  1.0  sec  WH  8  1290-310)  Hz 


LFftl ]  23900  BS6  -20  STEER 

*.0  sec  HFH  8  1290-310)  Hz 


Fig.  8.B-14  -  Site  24  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (bottom)  HFM  signals 
sweeping  290-310  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  26 


LFFIIl  23906  BSS 

1 ,0  hc  nn  §  hz 


Fig.  8.B-15  -  Site  26  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  CW  signals  at  190  Hz  and  a  source¬ 
steering  angle  of  down  20  deg.  (Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  27 


LFflll  2391?  0S1  -20  STEER 
□,]  sac  CH  @  19D  H z 


LFflll  23917  BS1  -30  STEER 
0,1  sec  CH  t  ISO  Hi 


LFflll  239! 7  BS5  “2D  STEER 
1.0  sec  CtJ  g  190  Hz 


Fig.  8.B-16  -  Site  27  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals 
at  190  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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SCATTERING  STRENGTH  [dBl  SCATTERING  STRENGTH  fdBl 


Run  27 


LFHll  23917  BS2  -20  STEER  LEflll  23917  BS2  -30  STEER 

],0  S&C  HTrt  £  C 210-230]  Hz  1 .0  eec  HFM  §  [210-2301  Hz 
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0  5  ID  L5  20  R  30  35  10  0  5  1&  1*  »  35  “  ^  « 

HERN  GRAZING  ANGLE  (deg)  MEHN  GRAZING  RNGLE  (d&gl 


LFR11  23917  0S6  "20  STEER 
4.0  sec  HFM  S  1210-230)  Hz 


Fig.  8.B-17  -  Site  27  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (bottom)  HFM  signals 
sweeping  210-230  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 


85 


Run  27 


LFfill  2331?  BS3  -20  STEER 
0.1  sec  CH  e  270  Hs 


LFfill  23917  eS3  -30  STEER 
D.l  sec  CH  S  270  H? 


ME flH  GRAZING  ftmiz  tdegJ 


flEAN  GRAZING  ANGLE  Idegl 


LFfil 1  23917  0S7  -20  STEER 
1.0  sec  cw  e  270  Ha 


Fig.  8.B-18  -  Site  27  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals 
at  270  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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SCATTERING  STRENGTH  IdQJ  SCATTERING  STRENGTH  IdB) 


Run  27 


LFfll  1  23917  BS4  -20  STEER  LFFlll  23917  BS4  -30  STEER 

I.D  sec  HEH  8  1 290-31 01  Hr  ],Q  s(te  HF"H  8  C 290-3101  Hz 
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a  5  10  15  ffl  25  30  K  IB  0  £  L0  15  2d  25  30  35  AQ 

MEAN  GRAZING  ANGLE  [dag]  MEAN  GRAZING  ANGLE  [deg] 


LF  A ] 1  23917  BSB  -20  STEER 

1.0  **c  tTft  @  [29Q-31D1  H z 
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■■  I  I  111 

a  5  ID  15  30  2S  30  S5  « 

neflhf  GRAZING  ANGLE  [deg) 


Fig.  8.B-19  -  Site  27  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (bottom)  HFM  signals 
sweeping  290-310  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  28 


LFfill  23923  BS1  -20  STEER 
D.l  sac  CW  e  190  Hz 


LFR3]  23923  BS1  -30  STEER 
0.1  sec  CW  g  ISO  Hz 


MERN  GRAZING  ANGLE  (dfrg)  HERN  GRAZING  ANGLE  Eds* 3 


LFR3 i  23923  BSS  -20  STEER 

3,0  soc  CH  @  ]9Q  Hz 


Fig.  8.B-20  -  Site  28  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals 
at  190  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  28 


LFRl |  23923  0S2  “2D  STEER 

1.0  sec  HFM  g  L0-23Q :  Hr 


LERI  I  23923  BS2  -3D  STEER 
i  .□  ««c  Hrn  £  [iin-asQ]  Hz 


LFflll  23923  BS6  -20  STEER 

4 ,0  sec  HFH  9  (210-230)  Hz 


Fig.  8.B-21  -  Site  28  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (bottom)  HFM  signals 
sweeping  210-230  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  28 


LFflll  23923  933  -20  STEER 

0 A  sac  CW  e  27Q  Hz 


LFfl] 1  23923  BS3  30  STEER 
0 . 1  soc  CW  $  2?Q  Hz 


Id  15  39  2S  M 

HERN!  GRAZING  ANGLE  [dng \ 


LFflll  23923  BS7  -20  STEER 
1-0  sas  CM  S  27Q  Hz 


LQ  15  20  35  30 

HERN  GRAZING  ANGLE  (dog] 


Fig.  8.B-22  -  Site  28  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals 
at  270  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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SCATTER  ENG  STRENGTH  LdB  J  SCATTERING  STRENGTH  CdBI 


Run  28 


LFflli  33923  BS4  -20  STEER 

].0  sac  HFK  $  H7 


LFflll  33923  B54  -30  STEER 

KG  BBC  ttrM  @  1290-3101  Hz 


LFflll  23323  BS8  -20  STEER 
ID  s-bc.  HEM  i  1290-3101  Hr 


HERN  GRAZING  ANGLE  Idagt 


Fig.  8.B-23  -  Site  28  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (bottom)  HFM  signals 
sweeping  290-310  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  29 


LFRll  24005  BSl  -2D  STEER 

0.1  aec  CW  8  190  Hz 


Lffii 1  24005  BSl  -50  STEER 

0.1  sec  CM  8  190  Hz 


LFRll  24005  BS5  -20  STEER 
1.0  aw  CM  8  ISO  H z 


LFFII  1  24005  655  -30  STEER 
1.0  sac  CH  8  1 90  Hz 


a 


3ii  IS  20  20  35  10  a  -g  ]Qi  35  20  2S  Tt 

HCRN  GRAZING  ANGLE  I dog)  MEAN  GRAZING  ANGLE  [deg) 


Fig.  8.B-24  -  Site  29  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals 
at  190  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  29 


LffUl  24005  BS2  -20  STEER  LFfl! ]  24005  052  -30  STEER 

1,0  tec  HFH  9  [210-230]  Hi  1 .0  sec  I  lFTl  l1  (2]D-2!i[>J  Hz 
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LFfl] I  240D5  E66  -20  STEER 

4,0  sec  HFM  f  (210-230)  Hz 
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nEfftl  GRAZING  ANGLE  (dc^) 


LFfll 1  2^005  BSG  -30  STEER 
4.0  sec  HFH  @  (210-230)  Hz 
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'  Q  E  16  ]E  3fi  ^0  3-S  10 

HERN  GRAZING  RNGLE  fdngl 


Fig.  8.B-25  -  Site  29  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (bottom)  HFM  signals 
sweeping  210-230  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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SCATTERING  STRENGTH  LdB)  SCHTTCRiNG  STRENGTH  IdBl 


Run  29 


LFFIll  24005  B53  -20  STEER 

□-1  sac  CH  P  2?n  Hz 


LFfin  24005  053  -30  STEER 

0,1  S0C  Dkl  S  27D  Hz 


LE011  24005  BS7  -20  STEER  LPR1 1  24005  BS7  -30  STEER 

]  r0  see  CW  @  270  Hz  1.0  sec  CH  S  270  Hz 


Fig.  8.B-26  -  Site  29  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals 
at  270  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  29 


LFflll  2 4 DO 5  BS4  -2D  STEER  LFRl  ]  24005  B54  -30  STEER 

1.0  sac  HFfl  8  1290-3 10 J  Hi  1 .0  sec  HFTI  8  [29Q-310J  Hi 


„  SJ 

ES  1  : 
T>  ^ 


f.t - 1 

D  5  IQ  IS  30  35  3Q  35  iD 

HERN  GRAZING  ANGLE  Edegl 


S-i 


I  . . . .  ,  .1  .  I  I  I  I  ■  I  ,r 

d  &  IP  IS  m  35  30  35  *0 

MEAN  GRAZING  ANGLE  (deg) 


LFflll  24005  058  -20  STEER 
^0  iflc  HFM  E?  C 230-3 L □  1  Hz 


LFflll  21005  B53  -30  STEER 
LD  m  |  [230-3101  H* 


Fig.  8.B-27  -  Site  29  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (bottom)  HFM  signals 
sweeping  290-310  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  30 


LPFUI  24011  3Si  -20  STEER 
0.1  sec  CW  e  190  Hz 


LFfill  24012  3S1  -30  STEER 
O.i  spc  cw  g  LOO  Hz 


LFfill  24012  05 1  -20  5TEER 

0.1  eec  cw  g  190  H* 


m  J  : 
~o 


■  1  l  l  t  I  -  I  t  |  ■  1  -  ,■  ■  ■  I  |  I  ■  |  ■  II  1  II  I  ■  I  u  il 

0  5  IS  15  20  K  ID  35 

MERH  ERHZLNG  RWGLE  [dsgl 


Fig.  8.B-28  -  Site  30  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  190-Hz  CW  signals 
and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  30 


IFR] ]  21011  BS2  -20  STEER  LFR 1 1  24012  BS2  -30  STEER 

1.0  see  HFM  8  (210-2301'  Hz  1.0  set  HFH  a  (210-2301  Hz 


LFfill  24012  B52  -20  STEER 
1.0  sec  HFM  S  1210-2301  Hz 


Fig.  8.B-29  -  Site  30  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  HFM  signals  sweeping  210-230  Hz 
and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 

(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  30 


LFRl  1  24011  BS3  -20  “STEER 
0,1  CW  i  270  He 


LFfm  24012  053  -30  STEER 

0. I  gee  CW  ff  270  Hz 
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c? 

fi- 

■j 

Pi 

_ 

\ 

-50 

■■■■!■  ■■ 

/ 

/ 

■i 

B-i 

• — . . . . .  " 

Sj 

id  Lb  M  K  3d 

HERN  GRAZING  ANBLC  (deg* 


10  IS  20  25  30 

HERN  GRAZING  ANGLE  (deg* 


LFRl  1  24012  BS3  -20  STEER 
0,1  see  CW  @  270  Hz 


HERN  GRAZING  ANGLE  (deg) 


Fig.  8.B-30  -  Site  30  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  270-Hz  CW  signals 
and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  30 


LFFll  I  24011  B54  -20  STEER  LFflll  24012  BS4  -30  STEER 

1-Q  sec  HFM  §  i 290—3103  Hz  1.0  sec  HFM  S  (290-3103  Hz 


urn  11  £103  2  ESI  -20  STEER 

1,3  sec  HFM  @  1290-330)  HZ 


-.ft 

LLJ  1 

TJ 


MtfiN  GRAZING  RNGLE  (d&g] 


Fig.  8.B-31  -  Site  30  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  HFM  signals  sweeping  290-310  Hz 
and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 

(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  31 


LFflll  2-3017  BSl  -20  STEER 
0. I  sac  CM  @  ISO  Hz 


43a  '  ■ 
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o  ■ 

:"  — "" - ~ - — » - T — ■ — 1 — — — ' — 1  ■  ■  1  ■ 

0  S  ]*  !S  a  s  30  K  10 
HEFiN  QRffZim  ANGLE  (dug] 


LFR1 1  24017  BS5  -20  STEER 
1..Q  CM  e  190  Hz 


iron  24017  BSl  -30  STEER 


LFflll  24017  055  -30  STEER 
1.0  sec  Ckl  e?  ]5G  He 


Fig.  8.B-32  -  Site  31  LFA-11  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals 
at  190  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  31 


LFfil 1  24017  BS2  -20  STEER 
] ,0  HfM  g  [210-230]  Hz 


LFfil  1  240 17  BS2  -3Q  STEER 
1 , 0  sac  HTfl  S  <  2l0'23Q]  Hz 


LFR1 I  24017  BSS  -20  STEER 
*-Q  HFM  e  1230-2301  Hz 


LFR11  24017  656  -30  STEER 
-S.O  aee  HFH  @  (210-330)  Hz 


HEHN  GRAZING  ANGLE  Idflg)  r?EAN  GRAZING  ANGLE  [dag] 


Fig.  8.B-33  -  Site  31  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (bottom)  HFM  signals 
sweeping  210-230  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 


101 


SCATTERING  STRENGTH  C dBl  SCATTER ]KG  STRENGTH  tdBI 


Run  B1 


LFflll  24D17  BS3  -20  STEER 
0.1  tec  cw  £  270  H* 


LFflll  24017  BS3  -30  STEER 
0, !  soc  CH  g  270  H* 


LFflll  24017  BS7  -20  STEER 

1 .0  sac  CM  1  270  Hz 

D 

LFflll  34017  BS7  -30  STEER 
k .0  sec  CH  &  270  Hz 

; 

i 

SJ 

1 

S- 

j  _ , -TTT^lar '' 'r 

s# 

jr 

/ 

9\ 

/ 

\ 

sJ 

lj  ; 

1  . i . i . i . i  . i . i . i . 

G  %  PQ  IS  30  75  30  35  \ 

0  '  ( 

3  $  it  PS  »  »  M  IS  * 

MEAN  GRAZING  ANGLE  [ds^J  MEftW  GRAZING  ANGLE  td&g] 


Fig.  8.B-34  -  Site  31  LFA-11  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals 
at  270  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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SCATTERING  STRENGTH  EdBl  SCRTTOJIHG  STRENGTH  CdB) 


Run  31 


LFflll  2i0l7  B54  -20  STEER 

1.0  sec  HFM  S  [290-31D3  Hz 


LFfill  24017  BS4  -30  STEER 

1,0  sec  HFM  «  (290-310)  Hz 


LFR11  24017  BS8  -20  STEER 
4,0  sec  HFM  W  I 290-3303  H* 


LERI l  24017  BS6  -30  STEER 

4,0  sec  HFM  g  [290-330?  H* 


Fig.  8.B-35  -  Site  31  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (bottom)  HFM  signals 
sweeping  290-310  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  32 


LFftll  21100  B51  -20  STEER 
CL  I  f*t  CH  S  190  Hz 


LFflll  34100  BS1  -30  STEER 
(M  ftac  CH  @  190  Hi 


10 


LFflll  34100  BS5  -2D  STEER 
] .0  see  CH  ^  190  Hz 


LFflll  24100  BSS  -30  STEER 

1 .0  see  CH  f  !90  Hz 


Fig.  8.B-36  -  Site  32  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals 
at  190  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  32 


LPflll  24 100  B52  2D  STEER 

] ,0  sac  HFn  ^  £210-330)  Hz 


LFR] \  24] 00  B56  "20  STEER 
sec  HFn  §  (210-23?]  I  Hz 


LERI  I  24300  BS2  -30  STEER 
1.0  »c  HFM  @  (210-230)  Hz 


If nil  24 IDO  9SG  -30  STEER 
4.0  sec  HFfl  £  (210-230]  Hi 


?i  / 

?■ 

4 . . . . . . . 

5  LO  IS  a  H  Mf  35  1C 

MEAN  BRAZING  ANGLE  [dag] 


Fig.  8.B-37  -  Site  32  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (bottom)  HFM  signals 
sweeping  210-230  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  32 


Lrflll  241  DO  BS3  -20  STEER  LFflll  24100  BS3  -30  STEER 

0,1  OH  B  270  Hz  0.1  sec  CH  S  270  Hz 


MEAN  GRAZING  ANGLE  (degl  him  GRAZING  ANGLE  Id&^J 


LFR3 l  24 fcOO  BS 7  -20  STEER  LFflll  241CQ  0S7  -30  STEER 

UP  sac  CH  B  270  Hz  1.0  src  CW  t  270  Bz 


j 

?-! 

* 

B-i 

. ! 

j  ^ 

r 

. .  7  1 

?j 

8 -j 

''  "  “  . . . . . . . .  . .  . 1 

. . . . . . . . ■  ■■■■■1  i  i  •  ,  ->  ■  ,i  ■  .  J  1  1  i  1  i  '  ■ 'i  1  1  i  1  1  I 

0  5  IQ  I!  20  S  »  3S 4fi  0  5  19  I*  »  »  10  tt 

MEAN  GRAZING  ANGLE  I  deg)  MEAN  GRAZING  ANGLE  (dag  I 


Fig.  8.B-38  -  Site  32  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals 
at  270  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  32 


LFflll  24100  BS4  -20  STEER  LFflll  24100  6S4  -30  STEER 

KQ  Qdc  HPn  e  [390-3]  D)  Hz  1 .0  sec  HFH  @  < 290-3 10 )  Hz 


LFflll  24100  0S8  -20  STEER 
4.0  HFtl  £  (390-310)  he 


LFflll  24100  BS8  -SO  STEER 

^  sat  HFH  B  [29D-1LQ]  Hz 


Fig.  8.B-39  -  Site  32  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (bottom)  HFM  signals 
sweeping  290-310  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 


107 


Run  33 


IFA1 1  24112  BS1  -20  STEER 
0-1  CN  e  iso  Hg 


LFFU1  21112  B51  "30  STEER 
0. L  sac  CW  i  190  Hz 


LFR]  £  24112  BS5  "2D  STEER 

1,0  sec  CM  &  190  tiz 


Fig.  8.B-40  -  Site  33  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals 
at  190  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  33 


LPflll  21! 12  BS2  -20  STEER 

1.0  3-ffc  HFM  w  C21D-Z30I  He 


LFfUI  2-1112  032  -30  STEER 

1.0  SAC  HTH  g  [31 0-230]  H* 


LFR11  24 H 2  BSE  -20  STEER 
4.D  set  HFM  @  1 210-230]  H2 


Fig.  8.B-41  -  Site  33  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (bottom)  HFM  signals 
sweeping  210-230  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  33 


□3  1 
T3 

I  £ 
H*  r 
IQ 

LJ 

K‘ 

g 

a 

Ll!  l 


Lrfill  24112  0S3  -20  STEER 

0-  270  Hi 

9 

LFflll  24112  BS3  -30  STEER 

0, E  s&c  DH  0  270  Hz 

\ 

■  ; 

si 

. 

-* . 

t-  ! 

y&W 

S-] 

0; 

/ 

O  ■ 

o  s  w  Ii  x  a  »  3S  4 

a  '  e 

h  ■  i . , . i  .  .......  . .  ,  . , . , . 

]  5  10  15  30  *  3Q  35  41 

HEfitN  GRAZING  flWGLE  tdegl 


t€AN  GRAZING  ANGLE  [deg] 


trait  34112  BS7  20  STEER 

J-P  CH  &  270  Hz 


Fig.  8.B-42  -  Site  33  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals 
at  270  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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SCATTERING  STRENGTH  (dRl  SCATTER IMG  STRENGTH  ( dS J 


Run  33 


LFRH  24112  BS4  -20  STEER  LFRll  2-3112  B$4  -30  STEER 

1.0  aec  HFM  f  1290-310]  Hz  \  .0  »*t  HFH  E  (290-3301  B* 


LFflll  243  L2  BSB  -20  5TEER 

4.Q  s^q:  HFH  @  (290-3101  Hi 


Fig.  8.B-43  -  Site  33  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (bottom)  HFM  signals 
sweeping  290-310  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 


Ill 


Run  34 


LFftll  24  L  IB  BSl  -20  STEER 

0,1  sec  CH  if  I9D  H, 


LFflll  24118  BSl  -30  STEER 
0,1  £ ae  CK  6  390  Hz 


LFfill  24116  6S5  -20  STEER 
3 .0  eec  CW  8  390  Hz 


Fig.  8.B-44  -  Site  34  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals 
at  190  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 


112 


Run  34 


LFflll  24110  BS2  -20  STEER  LFflll  24118  BS2  -30  STEER 

3.0  m  HFTI  £  [31D-23DJ  Hz  1.0  sec  HFn  S  ( 210-2303  Hz 


LFflll  24118  B56  -20  STEER 
*kD  sec  HFH  &  1210-230)  Hz 


Fig.  8.B-45  -  Site  34  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (bottom)  HFM  signals 
sweeping  210-230  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  34 


LFRIl  21118  6S3  -20  STEER 
0.  L  sac  Chi  8  27G  Hz 


LFR1 1  24] L8  BS3  30  STEER 
0.1  sac  CH  &  270  hz 


si 

el - - - - — - - - — 

d  %  m  is  »  as  n  s  id 
MERN  GRAZES  ANGLE  tdegi 


Lffill  241  IS  BS7  -20  STEER 
]  .0  sac  Chi  f  270  Hr 


Fig.  8.B-46  -  Site  34  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals 
at  270  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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SCATTERING  STRENGTH  idBl  SCATTERING  STRENGTH  (riH! 

<W  -95  -IP  -93  -JO  -1.0  -70  'M  “SO  -10  -30  -»  -10 


Run  34 


LFfll 1  24118  BS4  -20  STEER  LEAH  241  IS  BS4  -3C  STEER 

1.0  sec  Hfn  i  I23Q-33CJ  Mz  1/0  sec  HFH  @  r 2SCI - 3 3 □  ]  H± 


o 

S- 

C»  ■ 

5*- 

— 

5C 

i  : 

y 

S- 

1 

E- 

■ 

p  5  h  is  so  »  an  as  id  o  s  n  is  a  »  30  »  w 

flEAN  GRAZING  ANGLE  (deg. I  MEAN  GRAZING  ANGLE  (deg) 


LFR11  24)18  050  -20  STEER 
4.0  sec  HFM  S  S2SQ-3LQ)  Hr 


Fig.  8.B-47  -  Site  34  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (bottom)  HFM  signals 
sweeping  290-310  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  35 


LFfll  1  34123  BS]  -20  STEER 
0,1  SPC  CW  a  1$D  Ha 


LFn ]  s  2-1123  BS1  -30  STEER 

p,  L  ED.-  CH  e  ISO  H* 


LFfll l  24200  055  -20  STEER 
1,0  sec  CW  ET  L3P  Hi 


Fig.  8.B-48  -  Site  35  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals 
at  190  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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SCATTERING  STRENGTH  <d0J  SCATTERING  STRENGTH  (d0J 


Run  35 


LFftll  2-5123  -2Q  STEER 

1 .0  esc  HFtt  g  i2VQ-21Xn  He 


Lrnn  24123  052  -3d  steer 

1.0  sec  HFM  g  1310-330)  Hz 


LF R 1 1  24200  B££  “2D  STEER 

4.0  HFM  @  I  2  ]  d~  23fl  I  Hz 


|Q  15  20  35  3g 

MERN  GRAZING  ANGLE  I  deg] 


Fig.  8.B-49  -  Site  35  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (bottom)  HFM  signals 
sweeping  210-230  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  35 


LFflU  24! 23  BS3  -20  STEER 
0.1  sec  EH  e  27U  Hr 


LFRll  £1123  BS3  -30  STEER 

0.1  sec  ck  e  370  Hr 


IQ  IS  3Q  K  3D 

75 

10  '  0 

i 

. 1  ■  1  ■  ■  ■  1  ■ 

ID 

11  11  1  11  t - - - T" 

15  2fl  25 

Si 

35 

10 

HEHH  GRACING  ANGLE  (d*g) 

MFIHN 

GRAZING  ANGLE 

( dag] 

LFRll  21200  a 57  “20  STEER 
\ .0  sec  CH  &  270  Hz 


MEAN  GRAZING  RNGLC  I  deg] 


Fig.  8.B-50  -  Site  35  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals 
at  270  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  35 


LFflll  24123  8S4  -20  STEER  LFA11  24123  BS4  -30  STEER 

1.0  sec  HFK  @  E290-31C I  B*  I.C  sec  hFH  f  (230-310)  Hz 


0  S  10  15  2D  3S  30  35  40  '  D  5  10  IS  »  K  30  55  ftl 

HEFH-J  GRAZING  ANGLE  (dag)  tfEAN  GRAZING  ANGLE  (deg) 


LFfl ] 3  242QQ  8S0  -20  STEER 
-1,0  see  Hffl  6  ( 290~3L0)  Hz 


HERN  GRAZING  ANGLE  Jdeg) 


Fig.  8.B-51  -  Site  35  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (bottom)  HFM  signals 
sweeping  290-310  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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ISP  I  H1SN3HIS  SNiaaiXJbOS 


Run  36 


LFflll  24206  051  -20  STEER 

0.1  sac  CW  B  190  Hi 

'=> 

LFRll  2420646  BS]  -30  STEER 

0. !  sac  CW  B  130  Hz 

i 

R-i 

s: 

> 

Hi: 

r  ■ 

;  / 

¥i 

a; 

H  ■ 

fl  5  ID  L5  M  B  4fl  '  0  5  30  15  M  2£  30  35  Ifl 

MPHN  ERRZING  RNGLl  Sdeg)  nEFlM  GRAZING  ANGLE  (dog) 


Lfflll  2420650  651  -30  STEER 
0. L  aic  CU  I  190  Hz 


10  it  2D  25  30 

I^ERha  GRAZING  FUJGLE  I  dag] 


Fig.  8.B-52  -  Site  36  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  190-Hz  CW  signals 
and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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SCATTERING  STRENGTH  C  dB I 


Run  36 


LPflll  24206  8$2  -20  STEER 

L , U  sac  HFM  S  [2]g-230]  Hi 

D 

LFflll  2420646  652  -30  STEER 

] .0  eec  HFM  5  1210-230]  Hz 

Si 

1  ; 

Si 

-  .  ■  ' 

. 

o  J 

s-i 

i  ; 

g- 

IX  _ 

/ 

- - - -  ...n.." 

ID  15  ®  50  « 

MEHN  GAZING  ANGLE  (deg) 


IQ  IS  SO  K  30 
HERN  GRRZENG  RNGLE  (deg) 


LFflll  24206SC  B52  -30  STEER 

1.0  sec  HFK  @  (310-3301  H* 


Fig.  8.B-53  -  Site  36  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  HFM  signals  sweeping  210-230  Hz 
and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 

(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  36 


Lrmi  24206  BS3  -20  STEER 
0. I  sec  CM  @  270  Hi 


LFH11  2420646  BS3  -30  STEER 

0.1  u@c  CM  8  27U  Hz 


tmu  2420650  633  "30  5TEZR 

CL [  sec  CW  S  270  Hr 


o 


lD  1  : 
T? 


^  ^  . - - ■  ■  ■  ■  ■■■■.■■■  ;■■ . . 

D  -5  in  15  Kl  ^  33  35  ^ 

rLHN  GRt^InG  ANGLIC  Ldc^l 


Fig.  8.B-54  -  Site  36  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  270-Hz  CW  signals 
and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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SCFTT10RIN6  STRENGTH  [dBJ 

60  -50  -HO  -30  -30  -to 


Run  36 


LFfil I  21206  B51  -20  STEER 
L .0  sec  HFM  g  1290-3101  He 


LFflII  2420646  0S4  -30  STEER 

]  -0  nflc  HFM  @  E29Q-31D1  Hz 


LERI]  2420650  B54  -30  STEER 
1,0  sec  HFM  f?  [230-330]  Hz 


£E  p  j 
T> 


X  s 

E— ■  vi 


i  I  i  ,  i  .  . ! ■  ■  ■  1 1 1  1 1  u  1 1  ..  ■■  ,,  ■■ 

g  £  ]Q  15  20  25  3G  H  @ 

h^HN  GRAZING  ANGLE  [dag I 


Fig.  8.B-55  -  Site  36  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  HFM  signals  sweeping  290-310  Hz 
and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 

(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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SCATTERING  STRENGTH  EdBI  SCATTERING  STRENGTH  LdBl 


Run  37 


LFR] I  21212  BSI  -20  STEER 
0,L  g*c  CW  n  390  Hz 


LFR] \  24212  BSl  -30  STEER 
□  .  L  aac  Chi  8  L9D  Hz 


i 

■o 

h\ 

JL  jjj 

|  jF* . 

■F- 
i  ; 

rr'J 

P: 

Z 

■ 

S ■ 

i  ; 
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Fig.  8.B-56  -  Site  37  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals 
at  190  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  37 
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Fig.  8.B-57  -  Site  37  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (bottom)  HFM  signals 
sweeping  210-230  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Fig.  8.B-58  -  Site  37  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals 
at  270  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  37 
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Fig.  8.B-59  -  Site  37  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (bottom)  HFM  signals 
sweeping  290-310  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  38 
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Fig.  8.B-60  -  Site  38  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals 
at  190  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  38 
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Fig.  8.B-61  -  Site  38  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (middle;  bottom)  HFM 
signals  sweeping  210-230  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right) 
deg.  (Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  38 
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Fig.  8.B-62  -  Site  38  LFA-1 1  BBS  vs.  grazing  angle  for  0.1-s  (top)  and  1-s  (bottom)  CW  signals 
at  270  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right)  deg. 
(Mackenzie  curve  (dotted)  shown  as  a  reference.) 


130 


Run  38 
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Fig.  8.B-63  -  Site  38  LFA-1 1  BBS  vs.  grazing  angle  for  1-s  (top)  and  4-s  (middle;  bottom)  HFM 
signals  sweeping  290-310  Hz  and  source-steering  angles  of  down  20  (left)  and  down  30  (right) 
deg.  (Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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Run  39 
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Fig.  8.B-64  -  Site  39  LFA-1 1  BBS  vs.  grazing  angle  for  4  signals:  0.1-s  CWs  (top)  at  190  (left) 
and  270  (right)  Hz;  and  1-s  HFMs  (bottom)  sweeping  210-230  (left)  and  290-310  (right)  Hz. 

The  source-steering  angle  was  down  20  deg. 

(Mackenzie  curve  (dotted)  shown  as  a  reference.) 
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C.  Comparison  to  Other  Data 

Figure  8.C-1  shows  BBS  vs.  grazing  angle  measured  by  different  source  and  resolution 
systems  in  the  vicinity  of  NRL  Site  26  (within  19  km  of  one  another).  The  non- LF A- 11 
measurements  are  by  NRL  in  1990  (Davis  et  al.,  1993)  and  DREA  (Canada)  (Robison, 
1975). 


MEAN  GRAZING  ANGLE 


Fig.  8.C-1  -  Comparison  of  NRL  LFA-1 1  Site  26  BBS  at  190  and  270  Hz  with  near-by  NRL 
(710-90-5)  and  Canadian  (Robison)  SUS-charge  measurements,  along  with  the  Mackenzie  curve 

(dashed). 
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9.  OTHER  NRL  BBS  MEASUREMENTS 


Other  NRL  BBS  measurements  have  previously  been  documented  in  various  reports,  in 
particular  those  during  two  research  programs:  the  primarily  deep-water  Critical  Sea  Test 
(CST)  program  (1988-1996)  of  SPAWAR  (Zittel  et  al.,  2006),  and  the  primarily  shallow- 
water  Littoral  Warfare  Advance  Development  (LWAD)  program  of  ONR. 

A.  CST  (Deep  Water) 

The  CST  BBS  data  results  derive  from  68  vertically-bistatic  direct-path  measurements 
using  SUS  explosive  charges  as  sources  a  horizontal  line  array  (HLA)  as  a  receiver  made 
during  7  experiments  conducted  by  NRL  during  the  CST  program.  The  frequency  range  is 
—50  1 500  Hz  and  the  grazing-angle  range  is  -25-55  degrees  (corresponding  to 
reverberation  decay  times  between  the  first  and  second  fathometer  returns). 

These  data  were  obtained  in  mostly  thickly-sedimented  regions  composed  primarily  of 
clays,  silts,  or  muds  in  the:  Norwegian  Basin  (CST-1;  foraminiferal  clay,  marl,  or  ooze), 
Icelandic  Basin  near  Hatton  Bank  (CST-2;  mud  with  high  basaltic  silt/sand  fraction), 
Bermuda  Rise  and  Hatteras  Abyssal  Plain  (HAP)  (CST-3;  pelagic  clay  and  turbidite  layers, 
respectively),  Aleutian  Abyssal  Plain  (CST-4;  pelagic  clay  overlying  turbidites),  Messina 
Rise  on  the  Ionian  Abyssal  Plain  (CST-5;  hemipelagic  mud),  Sila  Fracture  Zone  (CST-7; 
thinly  sedimented),  and  Herodotus  Abyssal  Plain  up  to  the  Nile  Cone  (CST-8;  thickly 
sedimented). 

The  BBS  experiments  and  results  are  documented  in  Ogden  and  Erskine  (1993,  1997). 
However,  since  those  publications,  an  extensive  CST  SUS  reprocessing  effort  revealed 
recalibration  adjustments  were  needed  for  the  reported  CST  SUS  scattering-strength 
values  (especially  in  the  lowest  frequency  bands),  generally  as  in  Fig.  9.A-1.  (For  run- 
specific  #s,  contact  J.  Fialkowski,  NRL.) 


CST  SUS  SCATTERING  STRENGTH  CORRECTION  CURVES 


FREQUENCY  (Hz) 

Fig.  9.A-1  -  CST  SUS  scattering  strength  (SS)  recalibration-adjustment  values. 
(The  adjustment  values  are  to  be  added  to  previously-reported  CST  SUS  SS  values.) 


134 


SCATTERING  STRENGTH  (dB)  SCATTERING  STRENGTH  <dB) 


Examples  of  reprocessed  cross-CST-experiment  results  are  shown  (along  with  some 
physics-based  model  comparisons)  in  Figs.  9.A-2  and  9.A-3  (Gauss  et  al. ,  2008). 
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Fig.  9.A-2  -  Deep-water  BSS  from  aft-looking  beams  for  representative  CST  data  sets. 
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BACKSCATTERING  STRENGTH  (dB) 
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Fig.  9.A-3  -  Deep-water  data-model  comparisons  for  2  CST  sites.  Data  (symbolled  curves)  are 
from  aft-looking  beams.  Inset  table  gives  key  assumed  sediment-volume  parameter  values. 
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B.  LWAD  (Shallow  Water) 


The  LWAD  BBS  measurements  were  conducted  by  NRL  during  8  experiments  (1996  to 
2000)  using  basically  the  same  experimental  set  up  (Fig.  2-1)  as  the  BBS  experiments  that 


form  the  basis  of  the  shallow- water  portion  of  this  report1. 

Their  dates  and  locations  are: 

• 

LWAD  FTE  96-2 

Long  Bay  (Carolina  Coast) 

1996 

7  sites 

• 

LWAD  FTE  97-2 

Southwest  of  Key  West 

1997 

1  site 

• 

LWAD  SCV  97 

Long  Bay  (Carolina  Coast) 

1997 

7  sites 

• 

LWAD  98-2 

Southwest  Coast  of  Florida 

1998 

2  sites 

• 

LWAD  98-4 

Long  Bay  (Carolina  Coast) 

1998 

4  sites 

• 

LWAD  99-1 

Southwest  Coast  of  Florida 

1999 

4  sites 

• 

LWAD  99-3 

Coast  of  Oregon 

1999 

2  sites 

• 

LWAD  00-3 

Adriatic  Sea 

2000 

2  sites 

These  LWAD  experiments  and  results  are  respectively  documented  in  a  series  of  NRL 
reports:  Soukup  and  Ogden  (1997),  Soukup  and  Edsall  (1997),  Soukup  (1998),  Kunz 
(1998),  Kunz  (Feb  1999),  Kunz  (Jul  1999),  Kunz  and  Gauss  (2000),  and  Kunz  (2001).  See 
Soukup  and  Gragg  (2003)  for  further  analysis/modeling  of  the  LWAD  SCV-97  data. 


10.  DISCUSSION  AND  CONCLUSIONS 

Scattering  from  the  seabed  can  be  a  complex  mix  of  surface  roughness  and  volume 
heterogeneity  contributions.  This  report  documents  the  results  from  analyzing  a  series  of 
bottom  backscattering  strength  data  collected  by  NRL  at  a  number  of  shallow-water 
locations  (New  Jersey  Shelf,  Stanton  Banks,  Malta  Plateau,  Heceta  Bank)  at  MF,  and  on 
the  Scotian  Continental  Rise  at  LF.  Empirical-power-law  fits  to  the  MF  results  were  also 
presented,  as  well  as  a  brief  examination  of  the  relationships  between  the  T-MAST-02  BBS 
results  and  local  bottom  parameters  (surficial  grain  size  and  bottom  type). 

The  MF  results  demonstrate  the  inadequacies  of  using  Lambert’s  Law  to  model  bottom 
backscattering  strengths  in  shallow  water,  and  that,  if  physics-based  BBS  predictions  are 
not  possible,  more  general  empirical  power  laws,  where  not  only  the  strength  but  the 
angular  exponent  can  vary,  are  needed  to  match  the  data  at  a  given  frequency. 


1  Note  as  the  NRL  VLA  receiver  was  recently  recalibrated  in  201 1,  the  published  Kunz  and  Kunz  and  Gauss 
LWAD  BBS  values  need  adjustment — those  in  the  Soukup  et  a\.  papers  are  unaffected  as  they  used  a  different 
VLA).  (See  the  authors  for  details.) 
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